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(54) VIBRATION ABSORBING SYSTEM OF MICRO GRAVITY ROTATING APPARATUS 



(57) A substance mass measuring system is applied 
to a microgravitational rotating apparatus vibration con- 
trol system to easily measure a mass of an object placed 
in an experimental box. Recess portions (10a, 10b) are 
provided in a casing (10): Both ends of a rotary shaft 
(30) are supported by bearings (11, 12) in the recess 
portions (1 0a, 1 0b). A lower end of the rotary shaft (30) 
is connected to a motor(13). Four arms (24 to 27). ar- 
ranged horizontally in the direction of X and Y axes, are 
at their one ends fixed to the rotary shaft (30) and at the 
other ends fitted with experimental boxes (20 to 23). Ex- 
perimental objects, such as plants or animals, are 
placed in the boxes (20 to 23) and rotated for experi- 
ments in the space. Vibration of the rotary shaft (30) and 
the boxes (20 to 23) is absorbed by the bearings (11 , 
12). Side plates (1a to 1d), acceleration sensors (2a to 
2d) and distance sensors (3a to 3d) are arranged in the 
boxes (20 to 23). By collision of the object with the side 
plate, mass of the object is computed based on signals 
from the sensors (2, 3). 



Fig. 1 (b) 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates generally to a vi- 5 
bration control system of a microgravitational rotating 
apparatus and more particularly to a system that is able 
to control vibration caused by weight imbalances of ac- 
celeration-adding substances as experimental objects 
placed in boxes of a rotating apparatus for performing 10 
experiments in the space as well as is able to measure 
a substance mass with respect to the vibration-causing 
weight imbalances in the microgravitational rotating ap- 
paratus. 



15 

BACKGROUND ART 

[0002] Fig. 29 is a schematic plan view showing one 
example of a rotating apparatus that is currently used in 
the space. In Fig. 29, a rotating device 260, such as a 20 
motor, has four supporting members 261 , 262, 263, 264 
fitted thereto extending radially. Experimental boxes 
270, 271 , 272, 273 are fitted to respective ends of the 
supporting members 261 to 264 and experimental ob- 
jects, such as plants, are contained in the experimental 25 
boxes 270 to 273. In the microgravitational state, such 
rotating apparatus is driven by the rotating device 260 
to rotate in a slow speed of about 1 rotation/second and 
experiments of the objects in the experimental boxes 
270 to 273, while rotating, are carried out. 30 
[0003] In the mentioned rotating apparatus, the ex- 
perimental boxes 270 to 273 are fitted to the ends of the 
supporting members 261 to 264, so that the end portions 
thereof become large in the shape. Also, while the ro- 4 
tating apparatus itself is symmetrical around the rotating 35 
axis, the experimental objects of different kinds and dif- 
ferent sizes are contained in the experimental boxes 
270 to 273 and there are caused weight imbalances be- 
tween the experimental objects so contained. Hence, by 
the rotation, vibration occurs in a rotary shaft as well as 40 
in the supporting members 261 to 264 and the experi- 
mental boxes 270 to 273, thereby moving the experi- 
mental objects or giving bad influences thereon. Also, 
the rotation is often carried out without knowing the ex- 
act weight of the entire rotating apparatus including the 45 
experimental devices. 

[0004] In the prior art rotating apparatus used in the 
space, as described above, vibration occurs during the 
rotation to be transmitted to arms or containers, like box- 
es, (hereinafter such containers are referred to as "box- so 
es") constituting a rotator to give them bad influences. 
Also, the vibration spreads to the surrounding environ- 
ment via the rotary shaft and gives influences on the sur- 
rounding space equipment and apparatus as well as on 
the control thereof. Such vibration can be solved by ss 
structural means to the extent that the vibration is a 
steady-state vibration that can be known beforehand. 
But if the vibration accompanies changes of arbitrarily 



occurring vibration modes, countermeasures therefor 
are difficult and control thereof is also limited. Thus, any 
of countermeasures therefor is being desired. 
[0005] Also, there are mass imbalances of the exper- 
imental objects in the. boxes and the vibration occurs 
due to acceleration caused by the rotation of the exper- 
imental objects having the mass imbalances. Many of 
the experimental objects placed in the boxes are plants 
or animals that grow with changes in the mass, thereby 
causing mass imbalances between each of the boxes. 
On the other hand, in the space, measurements of 
weights of the experimental objects or measurements 
of weight imbalances are not so easy as they are on the 
ground and any of appropriate means therefor is being 
desired. If, in the microgravitational space, masses of 
the experimental objects or imbalance amounts thereof 
can be easily measured, control measures of the vibra- 
tional forces caused in the rotating apparatus, while ro- 
tating, will be taken more securely. 

DISCLOSURE OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to provide a microgravitational rotating apparatus vibra- 
tion control system that comprises a substance mass 
measuring system that is able to easily measure mass- 
es of experimental objects placed in rotating boxes, 
without need to take the experimental objects out of the 
boxes, to thereby foreknow weight imbalance amounts 
of the rotator. 

[0007] It is also an object of the present invention to 
provide a microgravitational rotating apparatus vibration 
control system in which, in order to cope with arbitrary 
vibration caused in the rotating apparatus in the space, 
a counterweight is provided and, by adjusting the posi- 
tion of the counterweight, imbalance amounts of the ro- 
tating apparatus caused by different sizes of the exper- 
imental objects placed in the boxes are solved and vi- 
bration caused by the imbalance amounts is actively or 
passively controlled to thereby reduce the arbitrary vi- 
bration modes. 

[0008] It is also an object of the present invention to 
provide a microgravitational rotating apparatus vibration 
control system in which, in order to cope with arbitrary 
vibration caused in the rotating apparatus, a counter- 
weight is provided movably in a rotating supporting 
structure and, by moving the counterweight, the arbi- 
trary vibration modes can be reduced. 
[0009] In order to achieve the abovementioned ob- 
jects, the present invention provides the means men- 
tioned in (1) to (44) below. 

(1 ) A microgravitational rotating apparatus vibration 
control system, the microgravitational rotating ap- 
paratus comprising a casing, a rotary shaft, provid- 
ed within thecasing, having its both ends supported 
by bearings so as to be rotationally driven by a mo- 
tor, a plurality of arms, extending radially, having 
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their one ends fitted to a circumferential periphery 
of the rotary shaft and a rotator having a plurality of 
boxes, fitted to the other ends of the plurality of 
arms, in which a gravitational, or gravity-adding, ob- 
ject is placed, characterized in that vibration occur- 5 
ring in the rotator is controlled by the bearings. 

(2) A microgravitational rotating apparatus vibration 
control system as mentioned in (1) above, charac- 
terized in that the vibration control system enables 
to measure a mass of the object by comprising in 10 
each of the plurality of boxes a plurality of side 
plates fitted substantially in parallel to side wall in- 
ner surfaces of*&i£ box via spring members, an ac- 
celeration sensor fitted to each of the plurality of 
side plates, a distance sensor fitted to an inner sur- 15 
face of the box, corresponding to and close to the 
side plate, for measuring a distance to the object 
and a computing unit that is inputted with signals of 
the acceleration sensor when the object collides 
with the side plate, displacement signals of the 20 
spring members at the time of the collision and sig- 
nals of the distance sensor on an initial position of 
the object before the collision and a position of the 
object at the time of the collision and computes the 
mass of the object based on these signals. 25 

(3) A microgravitational rotating apparatus vibration 
control system as mentioned in (1) above, charac- 
terized in that the vibration control system enables 
to measure a mass of the object by comprising in 
each of the plurality of boxes a plurality of side 30 
plates, each having a pressure sensor, a displace- 
ment sensor and an acceleration sensor, or a sen- 
sor unit combining these sensors, fitted substantial- 
ly in parallel to side wall inner surfaces of the box 
and a computing unit that is inputted with signals of 35 
the respective sensors or the sensor unit on a load 
of the object added on the side plate and computes 
the mass of the object based on these signals . 

(4) A microgravitational rotating apparatus vibration 
control system as mentioned in (2) or (3) above, 40 
characterized in that the mass measuring system 
further comprises a display unit that displays results 
of computation by the computing unit. 

(5) A microgravitational rotating apparatus vibration 
control system as mentioned in (1) above, charac- *s 
terized in that one or more of the plurality of boxes 
are cabins, laboratories, containers, space facto- 
ries, etc. and the vibration control system enables 
to measure a mass of the object by comprising in 
each of the boxes a side plate fitted to one side wall so 
inner surface of the box via a spring member having 
a displacement sensor, an acceleration sensor fit- 
ted to the side plate, a first position sensor detecting 
the object arriving at a position of the side plate, a 
second position sensor arranged at a predeter- 55 
mined distance from the first position sensor and 
detecting passing of the object, a push-out device 
provided on the opposite side of the side plate in 
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. the box and pushing out the object toward the side 
plate and a computing unit that takes signals of the 
arrival and passing of the object detected by the first 
and second position sensors, signals of the accel- 
eration sensor when the object collides with the side< 
plate and signals of the displacement sensor of the 
spring member at the time of the collision and com- 
putes the rinass of the object based on these sig- 
nals. 

(6) A microgravitational rotating apparatus vibration 
control system as mentioned in (1) above, charac- 
terized in that one or more of the plurality of boxes 
are cabins, laboratories, containers, space facto- 
ries, etc. and the vibration control system enables 
to measure a weight of a human body as the object 
by comprising in each of the boxes a side plate fitted 
to one side wall inner surface of the box via a spring 
member having a displacement sensor, an acceler- 
ation sensor fitted to the side plate, a first position 
sensor detecting the human body arriving at a po- 
sition of the side plate, a second position sensor ar- 
ranged at a predetermined distance from the first 
position sensor and detecting passing of the human 
body, a stand having a handrail, provided on the op- 
posite side of the side plate in the box, by which the 
human body jumps toward the side plate and a com- 
puting unit that takes signals of the arrival and pass- 
ing of the human body detected bythefirst and sec- 
ond position sensors, signals of the acceleration 
sensor when the human body collides with the side 
plate and signals of the displacement sensor of the 
spring member at the time of the collision and com- 
putes the weight of the human body based on these 
signals. 

(7) A microgravitational rotating apparatus vibration 
control system as mentioned in (5) or (6) above, 
characterized in that the mass measuring system 
further comprises a display unit that displays results 
of computation by the computing unit. 

(8) A microgravitational rotating apparatus vibration 
control system as mentioned in (1) above, charac- 
terized in that the vibration control system compris- 
es a plurality of acceleration sensors fitted to pre- 
determined measuring points of the rotator, a coun- 
terweight arranged on each of the plurality of boxes 
to be movable in the direction along an axis of the 
rotary shaft, a drive means of the counterweight and 
a control unit that takes signals detected by the plu- 
rality of acceleration sensors to thereby detect im- 
balance amounts in the acceleration caused during 
rotation between each of the plurality of boxes and 
controls to drive the drive means so as to adjust a 
moving position of the counterweight to thereby 
solve the imbalance amounts to control vibration: 

(9) A microgravitational rotating apparatus vibration 
control system as mentioned in (8) above, charac- 
terized in that the vibration control system further 
comprises a counterweight and a drive means 
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thereof, both provided around each of the plurality 
of arms, the counterweight being electrically driven 
to be movable in parallel with the arm at a distance 
from the rotary shaft. ■ 

(10) A microgravitational rotating apparatus vibra- 5 
tion control system as mentioned in (9) above, char- 
acterized in that the plurality of acceleration sensors 
are fitted to the plurality of arms and boxes and the 
counterweight movable in parallel with the arm is 
arranged in one piece or in plural pieces with re- 10 
sped to each of the plurality of arms. 

(11) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (8) 
to (10) above, characterized in that the control unit, 

in controlling vibration by detecting the imbalance 15 
amounts, enables an active vibration control by 
slightly moving the counterweight in such a direc- 
tion that vibration of the box may not occur in a pre- 
determined frequency. 

(12) A microgravitational rotating apparatus vibra- 20 
tion control system as mentioned in (11) above, 
characterized in that the control unit has a control 
function not only to move the counterweight so as 

to enable the active vibration control but in a sta- 
tionary state also to be able to electrically move the 25 
counterweight so as to solve the imbalance 
amounts of an entire system of the arm and box. 

(13) A microgravitational rotating apparatus vibra- 
tion control system : characterized in that the vibra- 
tion control system has a necessary function of 30 
solving the rotation imbalance amounts and control- 
ling the vibration by combining the constructions 
mentioned in (8) to (12) above. 

(14) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (8) 35 
to (13) above, characterized in thatthe drive means 
drives the counterweight by a threaded bar that en- 
gages with the counterweight via a thread engage- 
ment. 

(15) A microgravitational rotating apparatus vibra- 40 
tion control system as mentioned in any one of (8) 

to (13) above, characterized in thatthe drive means 
drives the counterweight by means of a cable and 
a pulley. 

(16) A microgravitational rotating apparatus vibra- 45 
tion control system as mentioned in any one of (8) 

to (15) above, characterized in that the control unit, 
in controlling the counterweight by a control means, 
detects vibration of each of the plurality of boxes 
from detected signals taken from the acceleration so 
sensor compares the vibration with a predeter- 
mined demand value and controls the vibration so 
as to suppress the vibration below the demand val- 
ue. 

(17) A microgravitational rotating apparatus vibra- 55 
tion control system as mentioned in any one of (8) 

to (1 6) above, characterized in that said control unit, 
in order to measure weight imbalance amounts be- 
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tween each of the plurality of boxes before start of 
rotation, rotates the rotator by a predetermined 
amount and thereby, in the relation between a dis- 
placement of the rotary shaft in an axial direction of 
the rotary shaft or in an arbitrary direction orthogo- 
nal to the rotary shaft and a power given to the mo- 
tor, enables to measure the imbalance amounts. 

(18) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (8) 
to (16) above, characterized in thatthe control unit, 
in order to measure an entire weight of the rotator 
including the plurality of boxes before start of rota- 
tion, rotates the rotator by a predetermined amount 
and thereby, in the relation between any of a dis- 
placement, an acceleration and both of the dis- 
placement and acceleration and a power given to 
the motor, enables to measure the weight of an en- 
tire system of the rotator in the microgravitational 
environment in the space. 

(19) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (8) 
to (16) above, characterized in that the control unit, 
in order to measure an entire weight of the rotator 
including the plurality of boxes before start of rota- 
tion, gives a power to the motor by a predetermined 
amount and thereby, in the relation between a dis- 
placement of the rotary shaft in an axial direction of 
the rotary shaft or in an arbitrary direction orthogo- 
nal to the rotary shaft and a power given to the mo- 
tor, enables to measure the weight of an entire sys- 
tem of the rotator in the microgravitational environ- 
ment in the space. 

(20) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (1 7) 
to (1 9) above, characterized in that the control unit, 
based on the result of the measurement, electrically 
moves an arbitrary number of the counterweights 
before start of rotation and thereby enables to cor- 
rect the weight imbalance amounts of an entire sys- 
tem of the rotator before regular rotation. 

(21) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (20) above, 
characterized in that the correction of the weight im- 
balance amounts is effected in plural times so as to 
enable to enhance a correction accuracy of the im- 
balance amounts. 

(22) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (1 7) 
to (21) above, characterized in thatthe measure- 
ment or the correction of the imbalance amounts is 
effected with a calibration function. 

(23) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (8) 
to (22) above, characterized in that a link member, 
enabling any movement of 1 to 3 freedoms, is inter- 
posed between the box and the arm so as to enable 
a vibration control in such a direction also that the 
counterweight, effecting an active vibration control, 
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is movable. 

(24) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (8) 
to (22) above, characterized in that an elastic or 
plastic member, enabling any movement of 1 to 3 5 
freedoms, is interposed between the box and the 
arm so as to enable a vibration control in such a 
direction also that the counterweight, effecting an 
active vibration control, is movable. 

(25) A microgravitational rotating apparatus vibra- 10 
tion control system as mentioned in any one of (8) 

to (22) above, characterized in that the link member 
of (23) above and the^ejastic or plastic member of 
(24) above are combined for supporting the portion 
between the box and the arm to thereby enable a is 
vibration control by the counterweight. 

(26) A microgravitationa4 rotating apparatus vibra- 
tion control system as mentioned in any one of (8) 
to (25) above, characterized in that the bearings are 
any of elastically supported bearings, plastically 20 
supported bearings, magnetic bearings, air cushion 
type bearings, spring or damper type bearings, mo- 
tor type bearings and fluid type bearings. 

(27) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (26) above, 25 
characterized in that the bearings are magnetic 
bearings that change magnetic force so as to ena- 
ble an active vibration control of a rotator. 

(28) A microgravitational rotating apparatus vibra- . 
tion control system, as mentioned in (26) above, 30 
characterized in that the damper type bearings are 

of any of hydraulic type, fluid type, motor type and 
pneumatic type that actively change damping force 
so as to enable a vibration control. 

(29) A microgravitational rotating apparatus vibra- 35 
tion control system as mentioned in (8) or (9) above, 
characterized in that the rotator, comprising the ro- 
tary shaft and plurality of arms and boxes, is sup- 
ported rotatably to the casing via a plurality of 
springs of which elastic force is adjustable and the 40 
control unit enables a vibration control of the rotator 

by adjusting the elastic force of the plurality of 
springs based on signals from the acceleration sen- 
sor. 

(30) A microgravitational rotating apparatus vibra- 45 
tion control system as mentioned in (1 ) above, char- 
acterized in that the vibration control system com- 
prises a plurality of acceleration sensors fitted to de- 
sired measuring points of the rotator, a vibration 
generator fitted to a desired position of each of the so 
plurality of boxes and a control unit that takes sig- 
nals detected by the plurality of acceleration sen- 
sors to detect imbalance amounts in the accelera- 
tion caused between each of the plurality of boxes 
during rotation and controls the vibration generator 55 
so as to enable a vibration control by solving the 
imbalance amounts. 

(31) A microgravitational rotating apparatus vibra- 
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tion control system as mentioned in any one of (8), 
(1 0) and (30) above, characterized in that the cas- 
ing at its outer periphery is supported to an outside 
stationary side via a plurality of vibration isolating 
devices that have an elastic force. 

(32) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in any one of (8), 
(10), (30) and (31) above, characterized in that the 
plurality of boxes, instead of being supported to the 
plurality of arms, are contained in a rotator, that ro- 
tates together with the rotary shaft around an axis 
of the rotary shaft, to be driven rotatably. 

(33) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (31) above, 
characterized in that each of the plurality of vibration 
isolating devices receives vibration transmitted to 
the casing and effects an active vibration control by 
changing its elastic coefficient or damping factor or 
both of the elastic coefficient and the damping fac- 
tor. 

(34) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (31) above, 
characterized in that each of the plurality of vibration 
isolating devices comprises only a passive spring 
as a means of the vibration control. 

(35) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (31) above, 
characterized in that each of the plurality of vibration 
isolating devices comprises a passive spring and a 
damper as a means of the vibration control. 

(36) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (31) above, 
characterized in that each of the plurality of vibration 
isolating devices is constructed of a passive spring 
and a material having a damping characteristic. 

(37) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (31) above, 
characterized in that the plurality of vibration isolat- 
ing devices are fitted between the outer periphery 
of the casing and the stationary side such that act- 
ing directions of the elastic forces of all of the plu- 
rality of vibration isolating devices are inclined to an 
axial direction of the rotary shaft. 

(38) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (31) above, 

. characterized in that the plurality of vibration isolat- 
ing devices are fitted between the outer periphery 
of the casing and the stationary side such that act- 
ing directions of the elastic forces of all of the plu- 
rality of vibration isolating devices are either same 
. as or orthogonal to an axial direction of the rotary 
shaft. 

(39) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (31) above, 
characterized in that the plurality of vibration isolat- 
ing devices are fitted between the outer periphery 
of the casing and the stationary side such that act- 
ing directions of the elastic forces of the plurality of 
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vibration isolating devices are a combination of 
those inclined to, same as and orthogonal to an ax- 
ial direction of the rotary shaft. 
(40) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (1 ) above char- 
acterized in that the plurality of arms are a plurality 
of hollow shaped supporting structures and the vi- 
bration control system comprises an acceleration 
sensor detecting accelerations in the 1 to 3 dimen- 
sional directions, fitted to each of the plurality of 
boxes, a counterweight arranged to be movable 
along a longitudinal direction in each of the plurality 
of supporting structures, a drive means, driving the 
counterweight, arranged in each of the plurality of 
supporting structures and a control unit that takes 
signals detected by the acceleration sensor to de- 
tect vibration of each of the plurality of boxes, se- 
lects the counterweight of the supporting structure 
corresponding to the box causing the vibration and 
controls the drive means corresponding to the 
counterweight so as to move the counterweight in 
the direction reverse to the vibration to thereby re- 
duce the vibration. 

(41) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (40) above 
characterized in that, where a horizontal direction 
is defined as a direction along a rotating plane of 
the plurality of supporting structures, an orthogonal 
direction is defined as a direction tangential to a ro- 
tating circle of the plurality of supporting structures 
and a vertical direction is defined as a direction ver- 
tical to the rotating plane of the plurality of support- 
ing structures, an orthogonal horizontal supporting 
structure, extending in the orthogonal and horizon- 
tal direction, and a vertical supporting structure ex- 
tending in the vertical direction, are provided both 
between each of the plurality of supporting struc- 
tures and each of the plurality of boxes and a coun- 
terweight is arranged to be movable along a longi- 
tudinal direction in each of the orthogonal horizontal 
supporting structure and the vertical supporting 
structure. 

(42) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (40) or (41) 
above, characterized in that the drive means com- 
prises a linearly driving type cylinder. 

(43) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (40) or (41) 
above, characterized in that the drive means com- 
prises a means to move the counterweight front- 
ward and backward by a gas pressure. 

(44) A microgravitational rotating apparatus vibra- 
tion control system as mentioned in (40) or (41) 
above, % ' 



characterized in thatthe drive means comprises a linear 
motor coil applied to an inner wall surface of the respec- 
tive supporting structures so that the counterweight 



made of a magnetic material, may be moved. 
[0010] In the means (1 ) of the present invention the 
object as an experimental object, that adds a gravity in 
the microgravitational space, is placed in each of the 
5 boxes and the boxes are rotated around the axis of the 
rotary shaft. The objects placed in the boxes are, for ex- 
ample, plants or animals and the weights thereof are not 
balanced between each of the boxes. Thus, if the rotator 
rotates, there occur differences in the acceleration and 
"> vibration occurs. The rotary shaft is at its both ends sup- 
ported by the bearings and these bearings are con- 
structed, for example, by the magnetic bearings, the 
elastic material-supported or spring-supported bear- 
ings, etc. Hence, the vibration occurring in the rotary 
shaft is absorbed by the bearings and the vibration of 
the rotator can be suppressed to the minimum. 
[0011] In the means (2) of the present invention the 
object is contained in the box under the microgravita- 
tional environment and the mass thereof cannot be eas- 
ily measured. Hence, when the mass of the object is to 
be measured by the present invention, the method to 
instantly accelerate the rotation of the rotary shaft is em- 
ployed and the object is caused to collide with any of the 
side plates provided on the side wall inner surfaces of 
5 the boxes. The computing unit is inputted with the ac- 
celeration signals sent from the acceleration sensor at 
the time of the collision, the displacement signals of the 
spnng members at the time of the collision and the po- 
srt.on signals of the object sent from the distance sensor 
and, based on these signals, can compute the mass of 
the object while the object remains placed in the box 
[0012] According to the means (2) of the present in- 
vention, as the object remains placed in the box there 
is no need of taking the object outside during the exper- 
ts iments and the mass can be easily measured only by 
causing the object to collide with the side plate provided 
m the box under the microgravitational environment 
[0013] In the means (3) of the present invention, the 
computing unit is inputted with the signals from the pres- 
to sure sensor, the displacement sensor and the acceler- 
ation sensor and measures the mass of the object by 
computation, like in the means (2) above. Hence, by us- 
ing the more sensors, the mass can be measured in a 
higher accuracy. 

45 [0014] In the means (4) of the present invention the 
results of the computation by the computing unit are dis- 
played on the display unit. Hence, the mass of the object 
can be easily confirmed, whenever necessary, without 
handling the object and the function of the system of the 
*> means (2) above can be largely enhanced. 

[0015] In the means (5) of the present invention at 
the start of the measurement, the object to be measured 
is pushed out by the push-out device toward the side 
plate and is caused to fly in the space in the box and 
collide with the side plate. During this movement of the 
object, the second position sensor detects the passing 
of the object and the first position sensor detects the 
amval thereof at the side plate. The computing unit 
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takes the signals of the first and the second position sen- 
sors, the signals of the acceleration sensor at the time 
of the collision of the object and the signals of the spring 
members and, based on these signals, computes the 
velocity and the acceleration of the object and also, 
based on such computed values and the signals of the 
acceleration sensor and the displacement signals of the 
spring members, computes the mass of the object. 
Hence, according to the means (5) of the present inven- 
tion, only by causing the object to collide with the side 
plate, the mass of the object can be easily measured by 
computation. 

[0016] In the means (6) of >tke. present invention, in 
place of the push-out device of the means (5) above, 
the stand having the handrail is provided and the object 
to be measured is a human body, such as an astronaut 
working in the space, so that the weight of the human 
body may be easily measured in the microgravitational 
environment. The human body to be measured grips the 
handrail and, by the reaction thereof, jumps toward the 
side plate to collide with the side plate. Like in the meas- 
urement of the mass of the object by the means (5) 
above, the signals of the first and the second position 
sensors, the displacement signals of the spring mem- 
bers and the signals of the acceleration sensor are taken 
into the computing unit and the weight of the human 
body can be computed at the computing unit. 
[0017] In the means (7) of the present invention, the 
mass of the object orthe weight of the human body com- 
puted at the computing unit is displayed at the display 
unit. Hence, the function of the means (5) and (6) above 
of the present invention is further enhanced. 
[0018] In the means (8) to (11) and (16) of the present 
invention, the counterweight movable vertically, that is, 
in the direction along the axis of the rotary shaft, or the 
counterweight movable horizontally, that is, in parallel 
with the arm, is provided. When vibration occurs due to 
differences in the weight of the object and in the accel- 
eration during the rotation, the control unit detects the 
vibration by the signals from the acceleration sensors 
and controls the drive means to adjust the position of 
the counterweight so as to solve the imbalance amounts 
in the rotation. By this adjustment of the counterweight, 
the imbalance amounts caused in the rotating apparatus 
during the rotation are solved and also the vibration 
caused by the imbalances is controlled. Also, in the 
means (13) of the present invention, the counterweight 
movable vertically and the counterweight movable hor- 
izontally are combined so as to adjust the movement of 
the counterweight more precisely, and thereby a more 
effective vibration control becomes possible. 
[0019] Inthe means (12) of the present invention, the 
movement of the counterweight is controlled not only 
during the rotation but also in the stationary state and 
the weight imbalance amounts of the entire system of 
the arm and box can be solved. 

[0020] In the means (14) and (15) of the present in- 
vention, the drive means of the counterweight can be 
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realized by the simple mechanism using the rotatable 
threaded bar orthe combination of the cable and pulleys 
and the construction of the apparatus can be simplified. 
[0021] In the means (17) to (22) of the present inven- 

5 tion, in the relation between the displacement of the ro- 
tary shaft and the power given to the motor, the control 
unit can measure the imbalances in the weight of the 
boxes and the weight of the entire rotator before the start 
of the rotation and, based on the results of the meas- 

10 urement, can control the position of the counterweight 
so as to correct the imbalance amounts. 
[0022] Also, in the means (23) to (25) of the present 
invention, the link member orthe elastic or plastic mem- 
ber or the combination of these members is interposed 

is in the supporting portion between the arm and the box 
and the vibration can be effectively absorbed. Further, 
in the means (26) to (28) of the present invention, the 
bearings of the rotary shaft can be employed from any 
of the elastic or plastic type, electromagnetic type, pneu- 

20 matic type, spring type, damper type, motor type and 
fluid type and thereby the vibration^ can be effectively 
absorbed. 

[0023] In the means (29) of the present invention, the 
entire rotator is supported to the casing via the springs 

25 of which elastic force is adjustable. The control unit de- 
tecting the imbalances in the acceleration by the signals 
from the acceleration sensor, controls to appropriately 
adjust the elastic force of the corresponding spring and 
the vibration can be effectively absorbed by the spring 

30 of the place where the vibration occurred. 

[0024] In the means (30) of the present invention, the 
imbalances in the acceleration occurring in the box are 
detected by the acceleration sensors and the signals 
thereof are inputted into the control unit. The control unit 

35 controls the vibration generator of that box so as to solve 
the imbalances and the vibration caused by the imbal- 
ances can be absorbed. 

[0025] In the means (31 ) of the present invention, the 
entire casing is supported to the outside stationary part 

40 via the vibration isolating devices. Hence, the vibration 
that is not completely controlled by the vibration control 
system provided in the casing and spreads outside of 
the casing can be absorbed by the elasticity of the vi- 
bration isolating devices provided on the outer periphery 

45 of the casing and transmission of the vibration outside 
can be prevented. 

[0026] In the means (32) of the present invention, the 
boxes are contained in the containing portions of the ro- 
tator having no structure of the arms "The rotator togeth- 

50 er with the plurality of boxes are rotated by the rotary 
shaft, wherein the vibration control systems as men- 
tioned in the means (8), (10), (30) and (31) are applied 
to the present means (32). Thus, an effective vibration 
control can be effected. 

55 [0027] In the means (33) of the present invention, the 
vibration isolating devices effect an active vibration con- 
trol of the vibration of the casing so as to effectively ab- 
sorb the vibration without transmission of the vibration 
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to the outside. Also, the vibration isolating device com- 
prises the passive spring in the means (34), the passive 
spring and the damper in the means (35) and the pas- 
sive spring and the damping characteristic material in 
the means (36) and thereby small vibration of the casing 5 
is absorbed by the simple mechanism. Thus, the vibra- 
tion control mechanism can be simplified. 
[0028] In the means (37) of the present invention, the 
vibration isolating devices are fitted inclinedly to the axis 
of the rotary shaft and thereby the vibrations caused in 10 
the three dimensional arbitrary directions can be ab- 
sorbed as a whole. Also, the vibration isolating devices 
are fitted along the direction same as or orthogonal to 
the axial direction of the rotary shaft in the means (38) 
or along the direction inclined to, same as or orthogonal 15 
to the axial direction of the rotary shaft in the means (39). 
Thus, the means of the invention can be appropriately 
selected out of those (37), (38) and (39) according to 
the vibration patterns caused by the specification of the 
rotating apparatus or the state of the experiments. 20 
[0029] In the means (40) of the present invention, 
while the experimental objects, for example, plants, are 
placed in the boxes and are rotated for experiments in 
the space, there are caused imbalances in the sizes and 
weights of the experimental objects placed in the boxes 25 
and this causes vibration between each of the boxes fol- 
lowing the rotation. In this case, the control unit takes 
the signals from the acceleration sensor fitted to each 
of the boxes to thereby detect one to three dimension 
directional vibration components of the box causing the 30 
vibration and moves the counterweight in the direction 
to cancel the vibration, that is, drives the drive means of 
the counterweight of the supporting structure on the op- 
posite side to thereby move the counterweight in the di- 
rection to effect the vibration control. Thus, the vibration 35 
can be effectively controlled. 

[0030] In the means (41) of the present invention, at 
the connection portion between the horizontal support- 
ing structure and the box of the means (40), the orthog- 
onal horizontal supporting structure and the vertical sup- 40 
porting structure are provided. By this construction, the 
supporting structure in the direction of X axis, that is, the 
horizontal supporting structure, the supporting structure 
in the direction of Y axis, that is, the orthogonal horizon- 
tal supporting structure, and the supporting structure in *s 
the direction of Z axis, that is, the vertical supporting 
structure, as well as the respective counterweights ar- 
ranged therein are provided for each of the boxes. 
Hence, for each of the boxes, there are provided the 
counterweights movable in the one to three dimensional so 
directions of X, Y and Z axes and thereby the vibration 
caused in each of the boxes can be controlled by moving 
the counterweights in the direction reverse to the vibra- 
tion in the X, Y and Z axes. When vibration occurs in 
any of the boxes, the X, Y and Z axes directional com- 55 
ponents of the vibration are detected by the control unit. 
The control unit selects the counterweights of the sup- 
porting structures of the X, Y and Z axes directions pro- 



vided on the opposite side in the axial symmetry of the 
box causing the vibration and controls to move the coun- 
terweights in the direction reverse to the vibration. 
Thereby, the vibration can be controlled. Thus, by the 
means (41) of the present invention, the vibration can 
be controlled more finely than in the means (40). 
[0031] The drive means of the counterweight is the 
cylinder in the means (42), the gas pressure in the 
means (43) and the linear motor in the means (44). 
Thus, the application range of the present invention is 
enlarged and the drive means appropriate for the re- 
spective characteristics of the apparatus can be select- 
ed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Figs; 1 (a) and (b) show a microgravitational ro- 
tating apparatus vibration control system, as an exam- 
ple to which a substance mass measuring system is ap- 
plied, of a first embodiment according to the present in- 
vention, wherein Fig. 1(a) is a cross sectional side view 
and Fig. 1 (b) is a cross sectional view taken on line A-A 
and seen in the arrow direction of Fig. 1 (a). 
[0033] Figs. 2(a) and (b) show details of an interior of 
a box used in the substance mass measuring system of 
the first embodiment, wherein Fig. 2(a) is a cross sec- 
tional plan view and Fig. 2(b) is a cross sectional view 
taken on line B-B and seen in the arrow direction of Fig. 
2(a). 

[0034] Fig. 3 is a control system diagram of the sub- 
stance mass measuring system of the first embodiment. 
[0035] Figs. 4(a) and (b) are explanatory views show- 
ing a principle of the substance mass measuring system 
of the first embodiment, wherein Fig. 4(a) is an explan- 
atory view of a substance collision and Fig. 4(b) is an 
explanatory view of a substance moving distance. 
[0036] Figs. 5(a) and (b) show wiring arrangement of 
the substance mass measuring system of the first em- 
bodiment, wherein Fig. 5(a) is a cross sectional side 
view and Fig. 5(b) is a cross sectional view taken on line 
C-C and seen in the arrow direction of Fig. 5(a). 
[0037] Figs. 6(a) to (d) show a microgravitational en- 
vironment substance mass measuring system of a sec- 
ond embodiment according to the present invention, 
wherein Fig. 6(a) is a cross sectional side view, Fig. 6 
(b) is a view in which a push-out device of Fig. 6(a) 
works, Fig. 6(c) is a cross sectional view taken on line 
D-D and seen in the arrow direction of Fig. 6(a) and Fig. 
6(d) is across sectional view taken on line E-E and seen 
in the, arrow direction of Fig. 6(a). 
[0038] Fig. 7 is a control system diagram of the sub- 
stance mass measuring system of the second embodi- 
ment. 

[0039] Figs. 8(a) and (b) show a microgravitational 
environment substance mass measuring system of a 
third embodiment according to the present invention, 
wherein Fig. 8(a) is a cross sectional view and Fig. 8(b) 
is a cross sectional view taken on line F-F and seen in 
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the arrow direction of Fig. 8(a). 

[0040] Figs. 9(a) and (b) show a microgravitational ro- 
tating apparatus vibration control system of a fourth em- 
bodiment according to the present invention, wherein 
Fig. 9(a) is a cross sectional side view and Fig. 9(b) is 
a cross sectional view taken on line G-G and seen in the 
arrow direction of Fig. 9(a). 

[0041 ] Figs. 1 0(a) to (c) show an interior of a counter- 
weight case of the vibration control system of the fourth 
embodiment, wherein Fig. 1 0(a) is a cross sectional side 
view seen along X axis, Fig. 10(b) is a cross sectional 
side view seen along Y axis and Fig. 10(c) is a cross 
sectional view taken along line H-H and seen in the ar- 
row direction of Fig. 10(a). 

[0042] Fig. 11 is a control system diagram of the ro- 
tating apparatus vibration control system of the fourth 
embodiment. 

[0043] Figs. 12(a) to (c) show a counterweight case 
containing a counterweight in a microgravitational rotat- 
ing apparatus vibration control system of a fifth embod- 
iment according to the present invention, wherein Fig. 
12(a) is a cross sectional side view seen along X axis, 
Fig. 12(b) is a cross sectional side view seen along Y 
axis and Fig. 12(c) is a cross sectional view taken on 
line J-J and seen in the arrow direction of Fig. 12(a). 
[0044] Figs. 13(a) and (b) show a microgravitational 
rotating apparatus vibration control system of a sixth 
embodiment according to the present invention, where- 
in Fig. 13(a) is a cross sectional side view and Fig. 13 
(b) is a cross sectional view taken on line K-K and seen 
in the arrow direction of Fig. 13(a). 
[0045] Figs. 14(a) to (d) show an arrangement of 
counterweights of the sixth embodiment, wherein Fig. 
14(a) is a side view, Fig. 14(b) is a cross sectional view 
taken on line K-K and seen in the arrow direction of Fig. 
14(a), Fig. 14(c) is a cross sectional view taken on line 
L-L and seen in the arrow direction of Fig. 14(a) and Fig. 
14(d) is a cross sectional view taken on line M-M and 
seen in the arrow direction of Fig. 14(a). 
[0046] Figs. 15(a) to (c) show an arrangement of 
counterweights in a microgravitational rotating appara- 
tus vibration control system of a seventh embodiment 
according to the present invention, wherein Fig. 15(a) is 
a side view, Fig. 15(b) is a cross sectional view taken 
on line P-P and seen in the arrow direction of Fig. 15(a) 
and Fig. 15(c) is a cross sectional view taken on line 
Q-Q and seen in the arrow direction of Fig. 15(a). 
[0047] Fig. 16 is a cross sectional side view of a mi- 
crogravitational rotating apparatus vibration control sys- 
tem of an eighth embodiment according to the present 
invention. 

[0048] Figs. 1 7(a) to (h) show four examples of vibra- 
tion isolating devices used in a supporting system of a 
microgravitational rotating apparatus of a ninth embod- 
iment according to the present invention, wherein Figs. 
17(a), (c), (e) and (g) are side views and Figs. 17(b), (d), 
(e) and (h) are plan views of the supporting systems of 
Figs. 17(a), (c), (e) and (g), respectively. 



[0049] Figs. 1 8(a) to (c) show a microgravitational ro- 
tating apparatus vibration control system of a tenth em- 
bodiment according to the present invention, wherein 
> Fig. 18(a) is a cross sectional side view, Fig. 18(b) is a 
s cross sectional view taken on line R-R and seen in the 
arrow direction of Fig. 18(a) and Fig. 18(c) is a cross 
sectional view taken on line S-S and seen in the arrow 
direction of Fig. 18(a). 

[0050] Figs. 1 9(a) and (b) are graphs showing two ex- 
10 amples of a demand value and a control effect of the 
vibration in the vibration control systems of the fourth to 
the tenth embodiments, wherein Fig. 19(a) shows an ex- 
ample where the vibrations of a rotary shaft having a 
natural vibration of a single natural value (X) and Fig. 
15 19(b) shows an example where patterns of the natural 
frequency change to those (X 2 ) from those (X 1 ). 
[0051] Figs. 20(a) anoV (b) show a microgravitational 
rotating apparatus vibration control system of an elev- 
enth embodiment according to the present invention, 
20 wherein Fig. 20(a) is a plan view and Fig. 20(b) is a side 
view. 

[0052] Figs. 21 (a) to (c) show an interior of a support- 
ing structure used in the eleventh embodiment, wherein 
Fig. 21 (a) is a cross sectional plan view, Fig. 21 (b) is a 
25 cross sectional side view and Fig. 21 (c) is a cross sec- 
tional view taken on line T-T and seen in the arrow di- 
rection of Fig. 21(b). 

[0053] Fig. 22 is a control system diagram of the vi- 
bration control system of the eleventh embodiment. 

30 [0054] Figs. 23(a) and (b) show a microgravitational 
rotating apparatus vibration control system of a twelfth 
embodiment according to the present invention, where- 
in Fig. 23(a) is a plan view and Fig. 23(b) is a side view. 
[0055] Fig. 24 is a side view of a microgravitational 

35 rotating apparatus vibration control system of a thir- 
teenth embodiment according to the present invention. 
[0056] Figs. 25(a) and (b) show a microgravitational 
rotating apparatus vibration control system of a four- 
teenth embodiment according to the present invention, 

40 wherein Fig. 25(a) is a side view and Fig. 25(b) is a cross 
sectional view taken on line U-U of Fig. 25(a). 
[0057] Fig. 26 is a gas control system diagram with 
respect to the fourteenth embodiment. 
[0058] Fig. 27 is a side view of a microgravitational 

45 rotating apparatus vibration control system of a fifteenth 
embodiment according to the present invention. 
[0059] Figs. 28(a) and (b) show an interior of a sup- 
porting structure used in the fifteenth embodiment, 
wherein Fig. 28(a) is a longitudinal cross sectional view 

so and Fig. 28(b) is a cross sectional view taken on line 
V-V of Fig. 28(a). 

[0060] Fig. 29 is a schematic plan view showing one 
example of a prior art rotating apparatus used in the 
space. 

55 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0061] Herebelow, the present invention will be de- 
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scribed based on embodiments according to the present 
invention with reference to the appended drawings 
[0062] Figs. 1(a) and (b) show a microgravitational ro- 
tating apparatus vibration control system, as an exam- 
ple to which a substance mass measuring system is ap- 
plied, of a first embodiment according to the present in- 
vention, wherein Fig. 1 (a) is a cross sectional side view 
and Fig. 1 (b) is a cross sectional view taken on line A-A 
and seen in the arrow direction of Fig. 1 (a) In Fig 1 (a) 
numeral 10 designates a casing, that comprises upper 
and lower recess portions 1 0a, 1 0b, both projecting out- 
wardly. Within the recess portions 10a, 10b, there are 
prov.ded bearings 11,12, respectivej^Ihe bearings 11 

12 are constructed by magnetic bearing's or other bear- 
ings comprising elastic materials, springs, etc 
[0063] Numeral 30 designates a rotary shaft, that has 
its upper end supported by the bearing^ within the re- 
cess portion 1 oa and its lower end connected to a motor 

13 and supported by the bearing 12 both within the re- 
cess portion 1 0b. Arms 24, 25, 26, 27, as shown in Fig 
1(b), are fitted at their one ends to the rotary shaft 30 
extending radially in the horizontal direction and boxes 
20, 21 , 22. 23 are fitted to the other ends of the respec- 
tive arms 24 to 27. 

[0064] In the rotating apparatus constructed as men- 
tioned above substances as measuring objects or ex- 
perimental objects such as plants or animals, are 
placed in the boxes 20 to 23 to be rotated by the motor 
13 in the slow spoec .n the space environment, so that 
experiments to observe a growing state of the plants or 
a living state of the animals in the space are carried out 
As the experrmentai objects having different shapes 
sizes and we.ghts are so contained in the boxes 20 to 
23, when they rotate, there are caused differences in 
the acceleration due to weight imbalances between 
each of the boxes 20 to 23, thereby causing vibration of 
the boxes. This vibration spreads to vibrate the rotary 
shaft 30 via the arms 24 to 27 and further to the casing 
1 0 via the bearing portions, thus being transmitted to the 
outs.de environment to give bad influences on the sur- 
roundings. In the present first embodiment, such vibra- 
tion is to be controlled by the bearings 11,12. 
[0065] The above plants or animals contained in the 
boxes 20 to 23 grow as time passes to cause mass dif- 
ferences between each of the boxes and thereby imbal- 
ances in the rotator occur. In the microgravitational en- 
vironment in the space, the mass of the object cannot 
be measured as it is done on the ground and also such 
imbalance amount itself cannot be measured Thus the 
vibration control is to be done such that the resulted vi- 
bration caused by the rotation of the rotating apparatus 
is controlled by the bearings 11,12. 
[0066] In the first embodiment according to the 
present invention, the construction is made such that the 
mass of the experimental objects in the boxes of the ro- 
tating apparatus can be easily measured in the space 
to thereby detect the mass imbalances, so that the vi- 
bration control may be effectively carried out 



[0067] That is, in Figs. 1(a) and (b), in each of the 
square boxes 20 to 23, there are provided four side 
plates 1a, 1b 1c, 1d being fitted substantially in parallel 
to respective vertical side wall inner surfaces of the box 
5 via spring members 4. The spring members 4 are pro- 
vided at four corner portions of each of the square side 
plates la to 1 d. Each of the spring members 4 has a 
sensor (not shown) assembled therein for detecting a 
displacement signal of that spring member 4. At back 
'0 side surface central portions of the side plates 1a to 1 d 
there are provided acceleration sensors 2a 2b 2c 2d' 
respectively. Also, on horizontal upperwall inner surfac- 
es of the boxes 20 to 23 and at positions closely corre- 
spondingto upper end central portions of the side plates 
1a to 1d, there are provided distance sensors 3a 3b 
3c, 3d, respectively. 

[0068] Figs. 2(a) and (b) show details of an interior of 
the box 20 of the rotating apparatus used in the first em- 
bodiment, wherein Fig. 2(a) is a cross sectional plan 
» view and Fig. 2(b) is a cross sectional view taken on line 
B-B and seen in the arrow direction of Fig. 2(a) In Fig 
2(a), the side plates 1a to 1d are fitted to the vertical 
side wall inner surfaces of the box 20 via the sprinq 
members 4. At the central portions of the back side sur 
faces, facing the box inner side walls, of the side plates 
1a to 1d, the acceleration sensors 2a to 2d are fitted 
Also, on the horizontal upper wall inner surfaces of the 
box 20 and at the positions closely corresponding to the 
upper end central portions of the side plates 1 a to 1 d 
the distance sensors 3a to 3d are fitted, as schematically 
shown by phantom lines. 

[0069] In Fig. 2(b), the distance sensor 3c is fitted to 
the inner surface of the upper wall of the box 20 so as 
to closely correspond to the upper end central portion 
» of the side plate 1c. The side plate 1c is supported to 
one of the vertical side wall inner surfaces of the box 20 
at four corner positions of the side plate 1 c via the four 
spnng members 4. The acceleration sensor 2c is fitted 
to the back side central position of the side plate 1 c This 
40 construction is the same with respect to the side plates 
1 a, 1 b, 1 d of the box 20 as well as the side plates 1 a to 
Id of the boxes 21 to 23 and description and illustration 
thereof are omitted. 

[0070] Fig. 3 is a control system diagram of the sub- 
stance mass measuring system of the first embodiment 
For simplicity of the description, illustration is made only 
on the system of the box 20. Description and illustration 
on the systems of the boxes 21 to 23 are the same and 
omitted. In Fig. 3, the four side plates 1 a to 1d are pro- 
vided within the box 20, as mentioned above with re- 
spect to Figs. 2(a) and (b). The acceleration sensors 2a 
to 2d are fitted to the respective side plates 1 a to 1 d and 
signals detected by the respective sensors 2a to 2d are 
inputted into a computing unit 5. The distance sensors 
3a to 3d are fitted to the upper wall inner surface of the 
box 20 closely corresponding to the respective acceler- 
ation sensors 2a to 2d and signals detected by the re- 
spective sensors 3a to 3d are also inputted into the com- 
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puting unit 5. Further, the displacement signals of the 
spring members 4 are inputted into the computing unit 
5. Based on these signals, masses of the object sub- 
stances within the box 20 are computed at the comput- 
ing unit 5, as will be described later, and displayed at a 5 
display unit 6. 

[0071 ] Figs. 4(a) and (b) are explanatory views show- 
ing a principle of the substance mass measuring system 
of the first embodiment, wherein Fig^ 4(a) is an explan- 
atory view of a substance collision and Fig. 4(b) is an 10 
explanatory view of a substance moving distance. Figs. 
4(a) and (b) show an example of the side plate 1 a of the 
box 20 only but the principle is the same with respect to 
all the other side plates and description thereon is omit- 
ted. In Fig. 4(a), a substance 40 is moved from position *5 
40a to collide with the side plate 1a. This movement of 
the substance can be effected by an adjustment to in- 
stantaneously change the rotation of the box 20, while 
it is rotating, to thereby make use of the centrifugal force. 
The illustration shows an example that the substance 20 
40 moves obliquely upwardly in an initial velocity V 1 at 
the position 40a and collides with the side plate 1a at 
velocity V 2 . 

[0072] In the course of this movement of the sub- 
stance 40, the distance sensor 3a measures distance 25 
L 1 between the position 40a and the sensor 3a and dis- 
tance L 2 between the position of collision and the sensor 
3a and these data are inputted into the computing unit 
5. Where a moving distance of the substance 40 is L 0 , 
Lq can be obtained by L 1 and L 2 at the computing unit 30 
5. Also, the velocity V 2 can be computed as an average 
velocity by V 2 = L 0 /moving time (t). Likewise, the dis- 
tance sensor 3a measures distance L-,' between a pre- 
vious position 40a' and the position 40a of the substance 
40 and thereby the initial velocity V 1 of the substance 35 
40 at the position 40a can be computed as an average 
velocity. 

[0073] The acceleration signal measured by the ac- 
celeration sensor 2a at the time of collision as well as 
the displacement amount signal of the spring members *o 
4 are inputted into the computing unit 5. In Fig. 4(b) 
showing the moving state of the substance 40 of Fig. 4 
(a), it is clear that, where K is a distance between the 
surface of the side plate 1 a and the distance sensor 3a, 
the moving distance Lq can be computed by the meas- *s 
ured distances L 1 and L 2 and the constant value K. 
[0074] That is, in the above state, where V 1 is the in- 
itial velocity, V 2 is the velocity at the time of collision, t 
is the moving time of the substance 40, a is the accel- 
eration signal at the time of collision, m-, is a mass of the so 
side plate 1a, m 2 is the displacement amount signal of 
the spring member 4, rr^ is a coefficient including a vis- 
cosity of the space surrounding the substance 40 and 
also where F is a function of m n to m 3 and a, then mass 
M of the substance 40 is defined as 55 

M = [t/(V 2 -V^lxF (m 1 , m 2 , m 3 , a). 



[0075] In the above state, V 1f V 2> t, a and m 2 are 
measured values or computed values, that is, V 1 and V 2 
are computed values as mentioned above and m-j and 
m 3 are known values . Hence, t/(V 2 - V t ) can be ob- 
tained by computation and also F(m 1 , m 2 , m 3 , a) can be 
obtained. Thus, in the control system shown in Fig. 3, 
the computing unit 5 can compute the mass M of the 
object substance, that is, the substance 40, within the 
box 20 and this computed value is displayed in the dis- 
play unit 6. It is to be noted that, although the description 
has been made on the example of the box 20, the prin- 
ciple is the same for the boxes 21 to 23 and the mass 
of the substances can be likewise measured. 
[0076] Figs. 5(a) and (b) schematically show wiring 
arrangement of the substance mass measuring system 
described above, wherein Fig. 5(a) is a cross sectional 
side view and Fig. 5(b) is a cross sectional view taken 
on line C-C and seen in the arrow direction of Fig. 5(a). 
In Figs. 5(a) and (b), wiring from the acceleration sen- 
sors 2a to 2d and the distance sensors 3a to 3d provided 
within each of the boxes 20 to 23 passes through the 
arms 24 to 27 and the rotary shaft 30 to be taken outside 
of the casing 1 0 of each of the boxes 20 to 23 via a slip 
ring 7 and a connector 8 and is connected to the com- 
puting unit 5 (Fig. 3). , 

[0077] According to the first embodiment as de- 
scribed above, the side plates 1a to 1d are fitted to the 
inner surfaces of the side walls of each of the boxes 20 
to 23 via the spring members 4, wherein the side plates 
la to 1d have the acceleration sensors 2a to 2d fitted 
thereto and the boxes 20 to 23 have the distance sen- 
sors 3a to 3d fitted thereto. Thus, by simply causing the 
substance 40 in each of the boxes 20 to 23 to collide 
with the side plates 1 a to 1 d, the mass of the substance 
40 can be obtained by computation at the computing unit 
5 to be displayed in the display unit 6. 
[0078] It is to be noted that, while the above first em- 
bodiment has been described on the example where the 
acceleration sensors and the distance sensors are pro- 
vided within the boxes, if pressure sensors, displace- 
ment sensors and acceleration sensors are arranged on 
the side plates 1a to 1 d or sensor units comprising as- 
sembly of these sensors are fitted to the side plates 1 a 
to 1 d so that signals from these sensors may be taken 
for the computing unit to likewise compute the mass of 
the substance, then more accurate measurements can 
be effected. 

[0079] Figs. 6(a) to (d) show a microgravitational en- 
vironment substance mass measuring system of a sec- 
ond embodiment according to the present invention, 
wherein Fig. 6(a) is a cross sectional side view, Fig. 6 
(b) is a view in which a push-out device of Fig. 6(a) 
works, Fig. 6(c) is a cross sectional view taken on line 
D-D and seen in the arrow direction of Fig. 6(a) and Fig. 
6(d) is a cross sectional view taken on line E-E and seen 
in the arrow direction of Fig. 6(a). In Fig. 6(a), numeral 
1 00 designates a casing, that may be a room like a cab- 
in, a laboratory, a container or a space factory. Also, the 
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casing .100 may be the box as a rotator shown in Fig 1 
or may be a box-like structure provided detachably with- 
in a casing as described later with respect to Fig 18 
[0080] Numeral 31 designates a side plate, that is fit- 
ted to one side end of the casing 1 00 via spring mem- 
bers 34. Numerals 32a, 32b designate position sensors 
that are fitted to an inner surface of an upper wall of the 
casing 100. The position sensor 32a is arranged at an 
initial position of the measurement and the position sen- 
sor 32b at a position of the side plate 31 . Numeral 33 
designates an acceleration sensor, that is fitted to a 
backside surface of the side plate 31 . Numeral 34 des- 
ignates the spring members mentioned abound each 
thereof has a sensor (not shown) assembled therein for 
detecting a displacement amount of the spring 
[0081] Numeral 35 designates a push-out device that 
is arranged at the other side end, opposing the side plate 
31 , of the casing 1 00. When a piston 35b of the push- 
out device 35 works to elongate, a push-out plate 35a 
fitted to an end of the piston 35b, projects to push out a 
substance 50 toward the side plate 31 . Numeral 36 des- 
ignates a table and the substance 50 of which mass is 
to be measured is placed thereon. 
[0082] Fig. 6(b) shows the state where the push-out 
device 35 works, wherein the piston 35b elongates to 
push the push-out plate 35a as well as the substance 
50 so that the substance 50 may be pushed out into a 
space within the casing 1 00. In Fig. 6(c) showing the 
side plate 31 , the acceleration sensor 33 is fitted to a 
central portion of the backside surface of the side plate 
31 and the side plate 31 is fitted substantially in parallel 
to the inner surface of one side wall of the casing 1 00 
via the spring members 34 provided at four corner por- 
tions of the side plate 31 . The position sensor 32b is 
fitted to the inner surface of the upper wall of the casing 
1 00 at the position above the side plate 31 . In Fig 6(d) 
showing the push-out plate 35a of the push-out device 
35, the construction is made such that, when the push- 
out plate 35a is projected by the piston 35b, the sub- 
stance 50 is pushed out. 

[0083] Fig. 7 is a control system diagram of the sub- 
stance mass measuring system of the second embodi- 
ment of Fig. 6. As described in Fig. 6, the side plate 31 
having the acceleration sensor 33 is fitted to the side 
wall inner surface of thecasing 1 00 via the spring mem- 
bers 34 and when the substance 50 collides with the 
side plate 31 , an acceleration signal thereof is inputted 
into a computing unit 51. Also, displacement signals of 
the spring members 34 caused by the collision are de- 
tected by the sensors contained in the spring members 

34 to be inputted into the computing unit 51 . Further 
signals of passing detected by the position sensors 32a' 
32b during the movement of the substance 50 are in- 
putted into the computing unit 51 . It is to be noted that 
when the mass measurement is to be started, the corn^ 
puting unit 51 sends a drive signal to the push-out unit 

35 so as to control it to project the piston 35b and thereby 
to push out the substance 50. The mass measured of 



the substance 50 is displayed in a display unit 52; 
[0084] In the second embodiment constructed as 
mentioned above, when the mass of the substance 50 
is to be measured, the substance 50 is set on the table 

* 36, as shown in Fig. 6(a). Then, the push-out unit 35 is 
caused to work so as to project the push-out plate 35a 
to thereby push out the substance 50 into the space 
within the casing 1 00 toward theside plate 31 While the 
substance 50 moves in the space, passing thereof is de- 

10 tected by the position sensor 32a. Then, the substance 
50 coll.des with the side plate 31 . This arrival at the side 
plate 31 of the substance 50 is detected by the position 
sensor 32b. The detected signals of the position sensors 
32a, 32b are inputted into the computing unit 51 as 

T » shown in Fig. 7. 

[0085] When the substance 50 collides with the side 
plate 31 , the acceleration signal detected by the accel- 
eration sensor 33 attached to the backside of the side 
plate 31 and the displacement signals of the sprinq 
members 34 are inputted into the computing unit 51 
With reference to Fig. 6(a), where V, is an initial velocity 
of the substance 50 when the measurement is started 
V 2 is a velocity of the substance 50 when it collides with 
the s.de plate 31 , t is a time from the measurement start 
to the collision of the substance 50, a is the acceleration 
signal detected by the acceleration sensor 33 mi is a 
mass of the side plate 31, m 2 is the displacement 
amount signal of the spring members 34 and m, is a 
coefficient including a viscosity of thespace surrounding 
*> the substance 50 and also where F is a function of m, 
to m 3 and a, then mass M of the substance 50 is defined 
as 



35 



M = [t/(V 2 -V 1 )]xF(m 1 ,m 2 ,m 3 , a). 



[0086] In the above state, V,, V 2 , t, a and m, are 
measured values or computed values, that is, V. can be 
obtained as an average velocity by a time from the start 
of the push-out device 35 to the detection of the sub- 
stance 50 by the position sensor 32a and a known dis- 
tance L 1 and V 2 also can be obtained as an averaqe 
velocity by a time difference t between the detections of 
the substance 50 by the respective position sensors 
32a, 32b and a known distance L 2 . Also, based on the 
known values m v and m 3 , t/(V 2 - Vl ) can be obtained by 
computation at the computing unit 51 . Further, the func- 
tion F(m, , m 2 , m 3 , a) can be obtained and thus the mass 
M of the substance 50 is computed and displayed in the 
50 display unit 52. 

[0087] It is to be noted that, in the above second em- 
bodiment, if the casing 100 is such a box-like one as in 
the structure of Fig. 18, to be described later, in which 
the box is contained detachably in the rotator, the casing 
1 00 is once taken outside of the rotator so that the mass 
measurement may be done outside of the rotator by the 
same procedures as mentioned above, that is, by push- 
ing out the substance 50 to cause it to collide with the 
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side plate 31 , and th us the mass of the plurality of boxes 
contained in the rotator can be previously adjusted to 
thereby easily solve the occurrence of imbalances in the 
entire rotator. 

[0088] According to the above described second em- . 5 
bodiment, in the cosmic space, the side plate 31 is fitted 
within the casing 100 via the spring members 34, the 
acceleration sensor 33 is fitted to the side plate 31 and 
the position sensors 32a, 32b are fitted to the casing 
1 00 and the substance 50 is caused to collide with the 10 
side plate 31 in the casing 100. By such simple proce- 
dures, the mass of the substance 50 can be obtained 
by computation at the computing unit 51 and displayed 
in the display unit 52. Thereby, the mass can be easily 
known. 15 
[0089] Figs. 8(a) and (b) show a microgravitational 
environment substance mass measuring system of a 
third embodiment according to the present invention, 
wherein Fig. 8(a) is a cross sectional view and Fig. 8(b) 
is a cross sectional view taken on line F-F and seen in 20 
the arrow direction of Fig. 8(a). As shown in Fig. 8(a), 
the construction of the casing 1 00, the side plate 31 , the 
position sensors 32a, 32b, the acceleration sensor 33 
and the spring members 34 is the same as that of the 
second embodiment shown in Fig. 6 and the control sys- 25 
tern thereof is also the same as shown in Fig. 7. In the 
present third embodiment, in place of the substance 50, 
weight of a man 53, such as an experimenting astronaut, 
is measured and for this purpose, a stand 37 and a table 
37a are provided and also handrails 38 are attached to 30 
the stand 37, as shown in Fig. 8(b). Construction of other 
portions is the same as that of the second embodiment. 
[0090] In Figs. 8(a) and (b), when a weight of the man 
53 is to be measured, the man 53 stands on the table 
37a with his hands gripping the handrails 38. Then, by 35 
making use of the reaction, the man 53 jumps into the 
space with his backside being directed to the side plate 
31. While the man 53 moves in this posture toward the 
side plate 31 , passing of the man 53 is detected by the 
position, sensor 32a and the man 53 collides with the *o 
side plate 31 to be detected by the position sensor 32b. 
The detected signals of the position sensors 32a, 32b 
are inputted into the computing unit 51 . Likewise, the 
acceleration signal detected by the acceleration sensor 
33 at the time of the collision of the man 53 with the side 45 
plate 31 and the displacement signals of the spring/ 
members 34 at the time of the collision are inputted into 
the computing unit 51 . 

[0091] Like in the second embodiment, t/(V 2 - and 
a function F (m 1 , m 2 , a) are computed at the computing so 
unit 51 and weight M of the man 53 is thereby obtained 
to be displayed in the display unit 52. In the present third 
embodiment, like in the substance 50 of the second em- 
bodiment, the man 53 simply collides with the side plate 
31 and thereby his own weight can be easily measured 55 
in the space to be displayed. 

[0092] It is to be noted that, in the present third em- 
bodiment also, the casing 100 may be such a box-like 
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one as in the structure of Fig. 18, to be described later, 
in which the plurality of boxes are contained detachably 
in the rotator. In this case, the casing 100 is once taken 
outside of the rotator and the mass measurement of the 
man 53 can be done outside of the rotator by the same 
procedures as mentioned above. Thereby, a weight 
measurement of a man in the microgravitational envi- 
ronment is easily carried out. 

[0093] Figs. 9(a) and (b) show a microgravitational ro- 
tating apparatus vibration control system of a fourth em- 
bodiment according to the present invention, wherein 
Fig. 9(a) is a cross sectional side view and Fig. 9(b) is 
a cross sectional view taken on line&GUQ-and seen in the 
arrow direction of Fig. 9(a). In Figs. 9(a) and (b), numeral 
10 designates a casing of an outer side, that contains 
an entirety of a rotator. On central portions of upper and 
lower surfaces of the casing 10 : there.are provided re- 
cess portions 10a, 10b projecting outwardly. Within the 
upper and lower recess portions 1 0a, 1 0b, there are pro- 
vided bearings 11,12, respectively. The bearings 11 , 12 
may be constructed by any of magnetic bearings, 
spring-supported, elastic material-supported or plastic 
material-supported bearings, air cushion bearings, 
damper type bearings, motor type bearings and fluid 
type bearings. In Fig. 9(a), while a rotary shaft 30 issup- 
ported at its both ends, it may also be supported at one 
end only thereof. 

[0094] Numeral 30 designates the rotary shaft, as 
mentioned above, that has its upper and lower ends ar- 
ranged within the recess portions 10a and 10b, respec- 
tively, such that the upper end is supported by the bear- 
ing 11 and the lower end is connected to a motor 13 arid 
supported by the bearing 12. Or, as mentioned above, 
only one end of the rotary shaft 30 may be supported by 
a bearing. Thus, the rotary shaft 30 is supported by the 
bearings 11, 12 making no contact with a station any side 
of the casing 10. Numeral 65 designates an acceleration 
sensor, that is fitted to an upper surface of each of boxes 
1 20 to 1 23 so as to detect vibration of each of the boxes 
120 to 123 and to input signals thereof into a control unit 
to be described later. It is to be noted that the acceler- 
ation sensor may be provided not on the boxes but on 
other necessary measuring points, such as on the rotary 
shaft 30 or on arms 24 to 27. 

[0095] The arms 24, 25, 26, 27 are fitted at their one 
ends to the rotary shaft 30, as shown in Fig. 9(b), ex- 
tending horizontally along X and Y axes and the boxes 
20, 21 , 22, 23 are fitted to the other ends of the respec- 
tive amis 24 to 27. At each of connecting portions be- 
tween the boxes 20 to 23 and the respective arms 24 to 

27, a counterweight case 28 of a vertically elongated 
square box shape is fitted. In the counterweight case 

28, a counterweight 41 , upper and lower pulleys 43, 42, 
a cable 44 and a motor 45 are arranged in such a con- 
struction that, when the counterweight 41 moves up and 
down in the direction along an axis of the rotary shaft 
30, imbalances between each of the boxes 20 to 23 are 
adjusted and vibration caused by the imbalances iscon- 
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trolled, as will be described below. 
[0096] Figs. 10(a) to (c) show an interior of the above- 
mentioned counterweight case 28 fitted to the respec- 
tive boxes 20 to 23, wherein Fig. 10(a) is a cross sec- 
tional side view seen along X axis, Fig. 1 0(b) is a cross 
sectional side view seen along Y axis and Fig. 10(c) is 
a cross sectional view taken along line H-H and seen in 
the arrow direction of Fig. 10(a). In Figs. 10(a) to (c),the 
counterweight case 28 is shown only on the example of 
the box 23 but the construction is the same with respect 
to the boxes 20 to 22 and description thereon is omitted. 
Along the vertical or longitudinal direction within the 
counterweight case 28, there are provided two*raj!s 47 
and 46 on inner surfaces of two, upper and lower seen 
in Fig. 10(c), side walls of the counterweight case 28. 
The counterweight 41 has two grooves provided in Its 
outer side surfaces to be engaged with the rails 46, 47 
and is arranged movable up and down along the rails 
46, 47. A cable 44, formed in a loop, is wound around 
the upper and lower pulleys 43, 42, wherein one side of 
the loop is fixed to upper and lower surfaces of the coun- 
terweight 41 and the other side may freely pass through 
a through hole 41a provided in the counterweight 41. 
Thus, when the cable 44 moves up and down by rotation 
of the pulleys 43, 42, the counterweight 41 also moves 
up and down along the rails 47, 46. 
[0097] The upper pulley 43 has a gear 43a fitted there- 
to and this gear 43a engages with a gear 45a of the mo- 
tor 45 provided above the upper pulley 43. When the 
motor 45 is driven to rotate the upper pulley 43, the cable 
44 and also the counterweight 41 move up and down. 
[0098] It is to be noted that the counterweight case 28 
containing the counterweight 41 may be provided not 
only on the inner circumferential side of the boxes 120 
to 123 but also on the outer circumferential side thereof 
so that the counterweights 41 may move up and down 
both on the outer and inner circumferential sides of the 
boxes 1 20 to 1 23. 

[0099] In the fourth embodiment constructed as men- 
tioned above, experimental objects of plants, animals, 
etc. are placed in the boxes 120 to 123. In the space 
environment, the motor 13 is driven to rotate the boxes 
120 to 123 in a slow speed so that experiments to ob- 
serve a growing state of the plants, a living state of the 
animals, etc. in the space may be carried out. As various 
experimental objects having different shapes, sizes and 
weights are so contained in the boxes 120 to 123, when 
they are rotated, there occur differences in the acceler- 
ation caused by the imbalances in the weight between 
each of the boxes 1 20 to 1 23 and vibration occurs in the 
boxes. This vibration is conveyed to the rotary shaft 30 
via the arms 24 to 27 and further to the casing 10 via 
the bearing portions, thereby giving bad influences not 
only on the experiments but also on the surrounding en- 
vironment. 

[0100] Hence, in the present fourth embodiment, vi- 
bration caused in the rotary shaft 30 may be detected 
by the acceleration sensors 65. The vibration caused by 



249 395 A1 26 

4 

the weight imbalances between each of the boxes 120 
to 123 is mainly of a mode to-vibrate the boxes 120 to 
123 up and down at the ends of the arms 24 to 27 and 
this vibration is detected by each of the acceleration 
5 sensors 65. Signals from the acceleration sensors 65 
are inputted into a control unit, to be described later, and 
the control unit finds the box in which vibration occurred. 
Then, in order to adjust the imbalance amount between 
each of the boxes 120 to 123 that has caused the vibra- 
to tion, the control unit causes the counterweight 41 of the 
box in which an upward acceleration is large to move 
downward and, reversely, causes the counterweight 41 
of the box in which a downward acceleration is large to 
move upward. 

is [0101] Fig. 11 is a control system diagram of the ro- 
tating apparatus vibration control system of the fourth 
embodiment. In Fig. 11, upward and downward direc- 
tional acceleration signals from the acceleration sensor 
65 fitted to the upper surface of each of the boxes 1 20 
20 to 1 23 are amplified by respective amplifiers 70a to 70d 
to be inputted into a control unit 71 so that signals on 
the acceleration acting on each of the boxes 1 20 to 1 23 
in the experimental apparatus may be taken in the con- 
trol unit 71 . From these signals, upward and downward 
25 directional vibration acting on each of the boxes is de- 
tected to thereby select the counterweight 41 to be 
moved in the direction to cancel the vibration corre- 
sponding to each of the boxes. Thus, the control is done 
such , that the motor 45 of that counterweight 41 is driven 
30 to move the counterweight 41 in the direction reverse to 
the amplitude of the vibration to thereby cancel the vi- 
bration. 

[0102] The control unit 71 also controls the drive of 
the motor 1 3 and thus the start and stop of the rotation 
35 of the rotary shaft 30. Thus, in comparison with demand 
value data showing the allowable vibration range of the 
rotating experimental apparatus, that is stored in a stor- 
age unit (not shown), the counterweight 41 is controlled 
to be moved up and down so that the vibration may be 
40 controlled to fall within the demand value. 

[0103] Also, the control unit 71 contains data on the 
relation between the displacement of the rotary shaft 30 
in the axial direction or in an arbitrary direction orthog- 
onal to the axis and the necessary power of the motor. 
45 By presumption based on the characteristics of these 
data, the weight imbalance amount or the weight of the 
entire system of the rotator in the microgravitational en- 
vironment can be measured. By such measurements, 
the movement direction and the movement amount of 
50 the counterweight can be decided. 

[0104] In the present fourth embodiment, therefore, if 
there are imbalances between each of the boxes 120 to 
123 and vibration is thereby caused during the rotation, 
the imbalances in the acceleration caused by the imbal- 
55 ance amount during the rotation are adjusted by the up- 
ward and downward movements of the counterweights 
41 and, by this adjustment, the upward and downward 
vibration of the boxes 120 to 123 caused by the imbal- 
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ances can be prevented. 

[0105] Figs. 12(a) to (c) show a counterweight case 
containing a counterweight in a microgravitational rotat- 
ing apparatus vibration control system of a fifth embod- 
iment according to the present invention, wherein Fig. 
12(a) is a cross sectional side view seen along X axis, 
Fig. 12(b) is a cross sectional side view seen along Y 
axis and Fig. 12(c) is a cross sectional view taken on 
line J-J and seen in the arrow direction of Fig. 12(a). In 
the present fifth embodiment, the construction is made 
such that a counterweight is moved up and down by ro- 
tation of a threaded bar via a thread engagement be- 
tween the counterweight and the threaded bar. This is 
in place of the moving method of the counterweight 41 
using the pulleys 42, 43, the cable 44 and the motor 45 
in the fourth embodiment. Construction of other portions 
is the same as that of the fourth embodiment shown in 
Figs. 9 to 11 and description on the same portions is 
omitted. 

[0106] In Figs. 1 2(a) to (c), there are provided two rails 
47 and 46 on inner surfaces of two, upper and lower 
seen in Fig. 12(c), side walls of the counterweight case 
28. A counterweight 1 7 has two grooves provided in its 
outer side surfaces to be engaged with the rails 46, 47 
and is arranged movable up and down along the rails 
46, 47. A threaded bar 16 passes through the counter- 
weight 17 via a thread engagement therebetween and 
the threaded.bar 1 6 has its one end connected to a mo- 
tor 15 fixed within the counterweight case 28 and has 
the other end supported by a bearing 18. Thereby, it is 
so constructed that, when the motor 1 5 is driven to rotate 
the threaded bar 16, the counterweight 17 is moved up 
and down by the rotation of the threaded bar 1 6. It is to 
be noted that, while the counterweight 1 7 only of the box 
123 is illustrated, the construction is the same with re- 
spect to the boxes 120 to 122 also. 
[0107] In the present fifth embodiment also, when vi- 
bration occurs in the experimental apparatus due to im- 
balances in the substances placed in the boxes during 
the rotation, the imbalances are adjusted, like in the 
fourth embodiment, by the rotation of the threaded bar 
16 and thus by the upward and downward movements 
of the counterweight 1 7 and the vibration caused by the 
imbalances can be suppressed. It is to be noted that the 
control system of the fifth embodiment is the same as 
that shown in Fig. 11 and description thereon is omitted. 
[0108] Figs. 13(a) and (b) show a microgravitational 
rotating apparatus vibration control system of a sixth 
embodiment according to the present invention, where- 
in Fig. 13(a) is a cross sectional side view and Fig. 13 
(b) is a cross sectional view taken on line K-K and seen 
in the arrow direction of Fig. 13(a). This example of the 
sixth embodiment is constructed such that a pair of 
counterweights are arranged on upper and lower sides 
of each arm and imbalances caused between each of 
the boxes are solved by moving the counterweights in 
the horizontal direction so that vibration caused by the 
imbalances may be suppressed. Construction of other 



portions of this rotating experimental apparatus is the 
same as that of the fourth embodiment shown in Figs. 
9to11. 

[0109] In Figs. 1 3(a) and (b), on the upper side of each 

5 of the arms 24, 25, 26, 27 and in parallel therewith, there 
is arranged a threaded bar 66a. Each of the threaded 
bars 66a has its one end connected to the respective 
boxes 1 20 to 1 23 and the other end connected to a mo- 
tor 61 a s that is fixed to an upper surface of each of the 

10 arms 24 to 27. A counterweight 29a is fitted to each of 
the threaded bars 66a via a thread engagement and, 
when the motor 61 a rotates to thereby rotate the thread- 
ed bar 66a, the counterweight 29a moves^ghtward or 
leftward in the figures, as will be described later. Like- 

*s wise, on the lower side of each of the arms 24 to 27 and 
in paralleLtherewith, there is arranged a threaded bar 
66b to rotate between a motor 61 b and thejrespective 
boxes 120 to 123 and thereby a counterweight 29b 
moves rightward or leftward in the figures. Also, an ac- 

20 celeratton sensor 65 is fitted to an upper surface of each 
of the boxes 120 to 123. 

[0110] Figs. 14(a) to (d) show an arrangement of the 
counterweights of the abovementioned sixth embodi- 
ment, wherein Fig. 14(a) is a side view, Fig. 14(b) is a 

25 cross sectional view taken on line K-K and seen in the 
arrow direction of Fig. 14(a), Fig. 14(c) is a cross sec- 
tional view taken on line L-L and seen in the arrow di- 
rection of Fig. 14(a) and Fig. 14(d) is a cross sectional 
view taken on line M-M and seen in the arrow direction 

30 of Fig. 14(a). In these figures, the threaded bars 66a, 
66b are arranged on the upper and lower sides, respec- 
tively, of the arm 27 in parallel therewith, having their 
one ends connected to the motors 61 a, 61 b and the oth- 
er ends supported to bearings 62a, 62b provided on the 

35 box 123. The motors 61a, 61b are fixed to the arm 27 
and, when the motors 61 a, 61b rotate, the threaded bars 
66a, 66b correspondingly rotate and the counterweights 
29a, 29b can move rightward and leftward in the figures. 
[0111] As shown in Fig. 14(c), the arm 27 has two rails 

^0 63a, 63b provided on its upper and lower sides. The 
counterweight 29a having a groove on its lower side and 
the counterweight 29b having a groove on its upper side 
engage with the rails 63a and 63b, respectively, viatheir 
respective grooves so that the counterweights 29a, 29b 

45 are movable along the rails 63a, 63b. In the construction 
in which there are provided the four arms 24 to 27, as 
shown in Fig. 13(b), and the counterweights 29a, 29b 
are arranged on the upper and lower sides of each of 
the arms 24 to 27 so as to move horizontally, when 

50 weight imbalances occur between each of the boxes 
1 20 to 1 23 and vibration arises due to differences in the 
acceleration during the rotation, signals from the accel- 
eration sensors 65 are sent to a control unit (not 
shown) . Thereby, each of the motors 61a, 61b, that 

55 count eight in total, is controlled to move each of the 
counterweights 29a, 29b rightward or leftward so that 
the imbalances may be solved. Thus, the vibration 
caused by the imbalances in the weight can be sup- 



15 



BNSDOCID: <EP 



1249395A1J_> 



29 



EP 1 249 395 A1 



30 



pressed. It is to be noted that the above control system 
is the same as that shown in Fig. 11 and illustration 
thereof is omitted. 

[0112] Figs. 15(a) to (c) show an arrangement of 
counterweights in a micro gravitational rotating appara- 5 
tus vibration control system of a seventh embodiment 
according to the present invention, wherein Fig. 1 5(a) is 
a side view, Fig. 15(b) is a cross sectional view taken 
on line P-P and seen in the arrow direction of Fig. 15(a) 
and Fig. 15(c) is a cross sectional view taken on line 10 
Q-Q and seen in the arrow direction of Fig. 1 5(a). In the 
present seventh embodiment, movement of the coun- 
terweight is effected by a combination of a motor and^ , 
pulleys, in place of the moving method of the counter- ' 
weight using the threaded bar in the sixth embodiment 15 
shown in Fig. 14. Construction of other portions is the 
same as that of the sixth embodiment and description 
on the same portions is omitted. 

[0113] As shown in Fig. 15(c), the arm 27 has two rails 
63a, 63b on its upper and lower sides. A counterweight 20 
64a having a groove on its lower side and a counter- 
weight 64b having a groove oh its upper side engage 
with the rails 63a and 63b, respectively, via their respec- 
tive grooves so that the counterweights 64a, 64b are 
movable rightward and leftward in the figures along the 25 
rails 63a, 63b, a cable 65a, formed in a loop, is wound 
around two pulleys 67a provided on two end portions of 
the arm 27, wherein one side of the loop is fixed to two 
side surfaces of the counterweight 64a and the other 
side may freely pass through a through hole providedJn so 
the counterweight 64a. A cable 65b is likewise provided 
with respect to two pulleys 67b and the counterweight 
64b. The pulleys 67a, 67b have gears 68a fitted thereto 
and the gears 68a engage with gears of motors 69a, 
69b provided close to the pulleys 67a, 67b, respectively. 35 
Thus, it is so constructed that when the motors 69a, 69b 
are driven to rotate the pulleys 67a, 67b, the counter- 
weights 64a, 64b move rightward and leftward. 
[0114] In the seventh embodiment constructed as 
mentioned above, like in the sixth embodiment, if there 40 
occurs vibration due to imbalances between each of the 
boxes 120 to 123, signals from the acceleration sensor 
65 of each of the boxes 1 20 to 1 23 are taken into a con- 
trol unit (not shown) and thereby each of the motors 69a, 
69b is controlled to make adjustment to move the coun- 45 
terweights 64a, 64b rightward and leftward, so that the 
imbalances are solved and the vibration caused by the 
imbalances can be suppressed. 

[0115] It is to be noted that, in the fourth to the seventh 
embodiments described above, while the examples to so 
actively control the vibration by movements of the coun- 
terweights during the rotation of the rotating apparatus 
have been described, it is also possible to adjust the 
weight imbalances of the entire rotating apparatus by 
moving each of the counterweights in a stationary state 55 
before the rotation of the rotating apparatus is started. 
[0116] Fig. 16 is a cross sectional side view of a mi- 
crogravitational rotating apparatus vibration control sys- 



tem of an eighth embodiment according to the present 
invention. The present eighth embodiment has func- 
tions both of the upward and downward movement of 
the counterweight in the fourth and the fifth embodi- 
ments and of the horizontal movement of the counter- 
weight in parallel with the arm in the sixth and the sev-" 
enth embodiments as well as has a freedom in the sup- 
port of the boxes and the rotary shaft, thereby realizing 
a construction to more securely control the vibration. 
The entire construction thereof will be described below. 
[0117] A casing 80 has supporting members 87a, 87b 
fitted thereto. A motor 82, bearings 84, 86 and a thrust 
bearing 85 are fitted to the supporting members 87a, 
87b to thereby support a rotary shaft 81 rotatably by the 
motor 82. The bearings 84, 86 are any of a magnetic 
type, a spring type, an air cushion type, a fluid type, etc. 
to support the rotary shaft 81 elastically. A rotator 90, 
that corresponds to the arms 24 to 27 shown in Fig. 9 
(b), is fitted to an outer circumferential surface of the 
rotary shaft 81 and the boxes 1 20 to 1 23 are fitted to an 
outer periphery of the rotator 90 with link mechanisms 
75 being interposed between the respective boxes 120 
to 1 23 and the rotator 90. It is to be noted that the boxes 
are not necessarily four but may be fitted symmetrically 
in plural pieces, as the case may be. Also, a sensor 83 
for detecting a displacement of the rotary shaft 81 due 
to vibration is fitted to an outer surface of the rotary shaft 
81 and detected signals of the sensor 83 are inputted 
into a control unit (not shown). The sensor 83 may be 
fitted either to the rotary shaft 81 or to a stationary side 
around the rotary shaft 81 . 

[0118] On upper and lower sides of each of the boxes 
120 to 123, balancer drive motors 72 are fitted and rails 
91 are provided between the respective motors 72 and 
the rotator 90. Construction of the motor 72 and the rail 
91 may be employed from any of the mechanisms 
shown in Figs. 14 and 15. The upper and lower rails 91 
are provided so as to move balancers 73 and, like the 
counterweights in the sixth and the seventh embodi- 
ments, it is so constructed that, when the motors 72 are 
driven, the balancers 73 are controlled to move right- 
ward and leftward in the figure. The balancers 73 are 
provided, like in the examples shown in Figs. 14 and 15, 
in two pieces on the upper and lower sides of each of 
the boxes 120 to 123 and thereby an active vibration 
control during the rotation can be performed as well as 
a calibration to solve the weight imbalances by moving 
the balancers 73 in a stationary state or to correct the 
weight imbalances before start of rotation can be effect- 
ed. 

[0119] Also, another balancer 74 is provided on an in- 
ner circumferential side, opposing the rotary shaft 81 , of 
each of the boxes 120 to 123. Construction of the bal- 
ancer 74 may be employed from any of the mechanisms 
in the fourth and the fifth embodiments shown in Figs. 
10 and 12. Thereby, the upward and downward weight 
imbalances of the boxes caused in the rotation or in the 
stationary state can be adjusted so as to prevent the 
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vibration. 

[01 20] The boxes 1 20 to 1 30 are supported to the ro- 
tator 90 via the link mechanisms 75, wherein each of the 
link mechanisms 75 comprises a link having one free- 
dom only in the axial direction of the rotary shaft 81 so 
as to absorb the vibration between the boxes 1 20 to 1 23 
and the rotator 90. If the link mechanism 75 uses a link 
having not one freedom but two or three freedoms ac- 
cording to the circumstances, however, the vibration 
could be more efficiently absorbed. 
[0121] It is to be noted that, while the bearings 84, 86, 
the thrust bearing 85 and the motor 82 for supporting 
and driving the rotary shaft 81 and the rotator 90 are 
supported to the casing 80 via the supporting members 
87a, 87b, a plurality of passive springs may be provided 
in place of the supporting members 87a, 87b so as to 
absorb the vibration caused from the rotating system 
and thereby a construction to suppress the vibration 
spreading to the casing 80 side to the minimum can also 
be realized. 

[0122] Also, while the two kinds of the balancers 73, 
74 are provided, such a construction as comprising ei- 
ther one of them, that is the balancer 73 only or the bal- 
ancer 74 only, may be employed and this can be appro- 
priately selected according to the state of the vibration. 
[0123] According to the eighth embodiment, in addi- 
tion to the functions of the fourth to the seventh embod- 
iments, the function of the link mechanisms 75, as well 
as of the: passive springs, if applicable, is achieved. 
Thereby, the weight imbalances between the boxes 1 20 
to 1 23 are solved and the vibration caused in the rotation 
can be more effectively absorbed. 
[01 24] Figs. 1 7(a) to (h) show four examples of vibra- 
tion isolating devices used in a supporting system of a 
microgravitationai rotating apparatus of a ninth embod- 
iment according to the present invention, wherein Figs. 
1 7(a), (c), (e) and (g) are side views and Figs. 1 7(b), (d), 
(e) and (h) are plan views of the supporting systems of 
Figs. 17(a), (c), (e) and (g), respectively. In the present 
ninth embodiment, the microgravitationai rotating appa- 
ratus itself is employed from any one of the rotating ap- 
paratus of the fourth to the eighth embodiments and, in 
addition to that, the entire rotating apparatus is elasti- 
cally supported to an outside stationary part via vibration 
isolating devices. An interior construction of the rotating 
apparatus is the same as those of the rotating apparatus 
of the fourth to the eighth embodiments and description 
thereon is omitted. 

[0125] In Figs. 17(a) and (b) showing one example of 
the vibration isolating devices of the supporting system, 
a casing 10 (including the casing 80 of Fig. 16) is of the 
rotating apparatus described with respect to the fourth 
to the eighth embodiments. The casing 1 0 is, at its four 
places on an upper periphery and four places on a lower 
periphery of an outer circumferential side wall (8 places 
in total), supported to a stationary side 93 via vibration 
isolating devices 92 by which an elastic force may act 
in the direction orthogonal to the rotary shaft. Each of 
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the vibration isolating devices 92 is such one as produc- 
es an elastic force by an elastic substance, such as a 
spring member, fluid, air, an elastic material member or 
a magnetic bearing, and comprises therein a dispiace- 
5 ment sensor, so that displacements of the elastic sub- 
stance caused by the vibration of the casing 1 0 may be 
detected and thereby control is done to change the 
spring constant (the elastic coefficient or the damping 
factor or both of them) so as to actively absorb the vi- 
10 bration. 

[0126] It is to be noted that, even if the vibration iso- 
lating devices 92, instead of performing the active vibra- 
tion control, perform a passive vibration control -making 
use of an appropriate elastic force only, an effect to con- 
15 trol the vibration can be still expected. Also, a construc- 
tion to use a combination of a passive spring and a 
damper orto use a combination of a passive spring and 
a material having a damping characteristic may be em- 
ployed. 

20 [0127] In Figs. 17(c) and (d) showing another exam- 
ple of the vibration isolating devices of the supporting 
system, the casing 1 0 is supported at eight places to the 
stationary side 93 via vibration isolating devices 92 by 
which an elastic force may act in the upward and down- 
25 ward direction (in the same direction as the axial direc- 
tion of the rotary shaft). In the example of Figs. 17(e) 
and (f), the casing 10 is supported at eight places to the 
stationary side 93 via vibration isolating devices 92 by 
which an elastic force may act only in one direction out 
30 of the directions orthogonal to the rotary shaft. Further, 
in the example of Figs. 17(g) and (h), the casing 10 is 
supported at eight places to the stationary side 93 via 
vibration isolating devices 92 by which an elastic force 
may act in the direction inclined to the rotary shaft. 
35 [0128] In the above ninth embodiment, the rotating 
apparatus of the fourth to the eighth embodiments are 
supported to the stationary side 93 at eight places of the 
upper and lower peripheral portions of the casing 10 via 
the vibration isolating devices 92. Therefore, in the ex- 
40 ample of Figs. 17(a) and (b), when vibration is caused 
in the horizontal direction in the casing 1 0, this horizontal 
directional vibration can be effectively absorbed. In the 
example of Figs. 1 7(c) and (d), when vibration is caused 
in the upward and downward direction in the casing 10, 
4 5 this upward and downward directional, vibration can be 
effectively absorbed. Also, in the example of Figs. 1 7(e) 
and (f), when vibration is caused in one direction only in 
the horizontal direction, this one directional vibration can 
be effectively absorbed. Further, in the example of Figs. 
50 17(g) and (h), all the three dimentional vibrations in the 
X, Y and Z directions can be coped with and thereby the 
vibration caused in every direction in the casing 10 can 
be uniformly absorbed. 

[01 29] It is to be noted that, while, in the present ninth 
55 embodiment, the examples where the casing 1 0 is sup- 
ported at four places on each of the upper and lower 
portions (eight places in total) have been described, the 
number of the supporting places is not limited to eight 
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but may be more or less according to the vibration state. 
- [0130] Also, the casing 10 may be supported by such 
a vibration isolating system in which the examples of the 
supporting system as described with respect to Figs. 1 7 
(a) to (h) are combined. In this case, in order to meet 
various peculiar vibration patterns caused in the casing 
10 according to the specification of the casing or the 
state of the experimental objects, the vibration isolating 
devices 92 are fitted, being supported at necessary cir- 
cumferential places of the casing 10, so that the elastic 
forces may act in the directions same as, orthogonal to 
or inclined to the rotary shaft and then a more effective 
vibration control becomes possible. 
[0131] Figs. 1 8(a) to (c) show a microgravitational ro- 
tating apparatus vibration control system of a tenth em- 
bodiment according to the present invention, wherein 
Fig. 18(a) is a cross sectional side view, Fig. 18(b) is a 
cross sectional view taken on line R-R and seen in the 
arrow direction of Fig. 18(a) and Fig. 18(c) is a cross 
sectional view taken on line S-S and seen in the arrow 
direction of Fig. 1 8(a). In the present tenth embodiment, 
while illustration is omitted, the rotating apparatus vibra- 
tion control systems of the fourth to the eighth embodi- 
ments having the horizontally or vertically moving coun- 
terweights are applicable. 

[0132] In Figs. 18(a) to (c), like in the rotating appa- 
ratus shown in Fig. 9, a rotary shaft 30 arranged in a 
casing 94 has its both ends supported by bearings 11, 
1 2 so as to be rotationally driven by a motor 97. A rotator 

95 is fitted to the rotary shaft 30 to be rotated concen- 
trically with the rotary shaft 30 in the casing 94. 
[0133] The rotator 95 comprises a plurality, eight in 
the example illustrated, of box containers 99, in which 
boxes 96 are contained, arranged circumferentially 
around the rotary shaft 30 so that the rotator 95 may 
rotate together with the boxes 96 of eight pieces con- 
tained in the box containers 99. Also, each of the boxes 

96 comprises an opening through which the experimen- 
tal objects are put in or taken out from above the rotator 
95, although illustration is omitted. 
[0134] In the construction of the abovementioned 
tenth embodiment, if the horizontally orvertically moving 
counterweights are to be fitted like in the fourth to the 
eighth embodiments, as there is provided no arm for 
supporting the boxes, the counterweights are fitted like- 
wise to the corresponding places in the rotator 95 having 
the boxes 96. 

[0135] Moreover, as shown in Fig. 18(c), there are 
provided electrical equipment modules 98A, 98B, 98C, 
98D in a bottom wall portion (or this may be on a bottom 
wall surface) of the rotator 95. In the illustration, the ex- 
ample of four modules is shown but the number of the 
modules may be selected according to the necessity. 
[0136] According to the present tenth embodiment al- 
so, like in the fourth to the eighth embodiments, by the 
vibration control construction using the counterweights, 
an effective vibration control is realized. Also, like in the 
ninth embodiment shown in Fig. 17, if the vibration iso- 



lating devices 92 are applied to the casing 94, then the 

vibration caused in the casing 94 can be more effectively 
absorbed. 

[0137] It is to be noted that, although illustration is 
5 omitted, the vibration control systems of the fourth to the 
eighth embodiments may be constructed such that, in 
place of the counterweights 41 , 1 7, 29a, 29b, 64a, 64b 
used therein, vibration generators are provided at de^ 
sired places of the rotary shaft, the arms and the boxes 
10 so as to be driven by a control unit based on signals 
from acceleration sensors and to thereby control the vi- 
bration of the rotator having the rotary shaft, the arms 
ss^and the boxes. By this construction also, the same vi- 
bration control effect can be obtained. Also, if the con- 
's struction of the vibration control is made such that the 
vibration generators are assembled into the counter- 
s/eights and movement of the counterweights is control- 
led as well as the vibration generators are also driven, 
then a more accurate vibration control becomes possi- 
20 ble. 

[0138] Also, in Fig. 16, although a detailed explana- 
tion has been omitted, if passive springs are to be pro- 
vided, the passive springs are operated as active 
springs and acceleration sensors are to be provided 
25 near the active springs. By this construction, signals 
from the acceleration sensors are taken into a control 
unit and when the vibration exceeds a predetermined 
value, the corresponding active springs are operated so 
as to adjust the elasticity to thereby control the vibration. 
Thus, a high vibration control can be achieved. The con- 
trol system of this construction is basically the same as 
the system shown in Fig. 11 and detailed explanation 
thereon is omitted. 

[0139] Also, in the fourth to the eighth embodiments 
35 of the present invention, as the means of the vibration 
control , the counterweights 41,17 moving in the upward 
and downward direction, the counterweights 29a, 29b, 
64a, 64b moving in the direction parallel with the arms,' 
the passive springs and the active springs are used! 
40 Thus, as the control unit, such a construction as having 
the following function is also provided, although illustra- 
tion is omitted. 

[01 40] That is, based on the signals from the acceler- 
ation sensors, the control unit ascertains the sizes of the 

45 signals and the place of origin of the vibration and se- 
lects the vibration control means of the most appropriate 
position out of the means mentioned above or selects a 
combination of the appropriate means to thereby control 
the vibration. According to such construction, a more ac- 

50 curate vibration control becomes possible. 

[0141] It is to be noted that, as mentioned before, the 
casing 1 00 for measuring the mass of the substance 50 
of the second embodiment shown in Fig. 6 and the cas- 
ing 1 00 for measuring the weight of the man 53 shown 

55 in Fig. 8 are applicable as the box 96 to be detachably 
inserted into the rotator 95 of the tenth embodiment 
shown in Fig. 18. In this case, the casing 100, that is, 
the box 96, is taken out of the rotator 95 and the mass 
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of the substance 50 or the weight of the man 53 can be 
easily measured outside of the rotator 95. Thereby, bal- 
ances of the weight of the box to be placed in the rotator 
95 can be adjusted beforehand so as to solve imbalanc- 
es of the weight. - 5 
[0142] Figs. 1 9(a) and (b) are graphs showing two ex- 
amples of the demand value and the control effect of the 
vibration in the vibration control systems of the rotating 
experimental apparatus of the fourth to the tenth em- 
bodiments as described above. Fig. 1 9(a) shows an ex- 10 
ample where the vibration is of a rotary shaft having a 
natural vibration of a single natural value (X). In this ex- 
ample, a rotator vibration irregularity control device hav- 
ing counterweights of the present invention is used for 
the demand value (Y) and thereby the vibration is con- 15 
trolled to become patterns of the vibration (XA) that are 
below the demand value (Y). 

[0143] Fig. 19(b) shows an example where patterns 
of the natural frequency change to those (X 2 ) from those 
(X^. This is such a case, for example, where the plants 20 
in the experimental boxes grow to thereby change the 
vibration characteristics of the experimental boxes. In 
this case also, likewise by applying the rotator vibration 
irregularity control device of the present invention, the 
natural vibration (X.,) is controlled to become patterns 25 
of the vibration (XA) that are below the demand value 
(Y) and the natural vibration (X 2 ) is controlled to become 
patterns of the vibration (XB) that are also below the de- 
mand value (Y). 

[0144] Figs. 20(a) and (b) show a microgravitational 30 
rotating apparatus vibration control system of an elev- 
enth embodiment according to the present invention, 
wherein Fig. 20(a) is a plan view and Fig. 20(b) is a side 
view. In Figs. 20(a) and (b), like the prior art rotary type 
experimental boxes, the rotating apparatus having mo- 35 
tors is fitted with four supporting structures 111, 112, 
113, 114 of a hollow or pipe shape and the supporting 
structures 111 to 114 at their distal ends are fitted with 
experimental boxes 170, 171, 172, 173, respectively. 
[0145] While each of the supporting structures 1 11 to 40 
114 has a counterweight mounted therein, an example 
of the supporting structure 114 will be representatively 
described. In the supporting structure 114, a counter- 
weight 101 is provided so as to be movable in the hori- 
zontal direction in the figure. The counterweight 101 is *s 
fitted with a cable 104 formed in a loop and the cable 
104 is wound around pulleys 102, 103. When the coun- 
terweight 101 is pulled via the pulleys 102, 1 03, it is mov- 
able rightward or leftward in the horizontal direction in 
the figure. The pulley 103 engages with a motor 105, so 
directly fitted to the rotating apparatus, via gears or fric- 
tion means so that the pulley 103 may be rotationally 
driven. Such a counterweight moving device as con- 
structed by the counterweight 101 , the pulleys 102, 103, 
the cable 1 04 and the motor 105 is mounted in each of 55 
the supporting structures 111 to 114. 
[0146] Also, on upper surfaces of the experimental 
boxes 170 to 173, acceleration sensors 193, 194, 195, 



196, respectively, are fitted so that acceleration acting 
on the experimental boxes 1 70 to 1 73 in the one to three 
dimensional directions may be detected and the detect- 
ed signals are inputted into a control unit (not shown). 
Wiring to the motors 105 and signal wires from the ac- 
celeration sensors 123 to 126 are connected to the con- 
trol unit, provided on the stationary side, via a slip ring, 
etc. 

[01 47] Figs. 21 (a) to (c) show the counterweight mov- 
ing device provided in the supporting structure de- 
scribed with respect to Fig. 20, wherein Fig. 21(a) is a 
cross sectional plan view, Fig. 21 (b) is a cross sectional 
side view and Fig. 21 (c) is a cross sectional view taken 
on line T-T and seen in the arrow direction of Fig. 21 (b). 
In these figures, the counterweight 101 on its right and 
left side surface is fitted with the cable 104 of the loop 
and the cable 104 is wound around the pulleys 102, 103 
so that the counterweight 1 01 is movable rightward and 
leftward. The pulley 103 has gear teeth formed on its 
upper peripheral portion for a rotational engagement 
with a rotator of the motor 1 05. When the motor 1 05 is 
driven to rotate the pulley 103, the cable 104 wound 
around the pulley 1 03 moves rightward or leftward and 
the counterweight 101 moves rightward or leftward 
along a groove 130 to be described next. 
[0148] That is, as shown in Figs. 21(b) and (c), a 
wheel 131 is fitted to a bottom surface of the counter- 
weight 101 and a horizontal surface portion 132 is 
formed on a bottom surface of the supporting structure 
114. On a length directional central portion of the hori- 
zontal surface portion 132, a groove 130 is formed so 
that the wheel 131 engages with the groove 130 to be 
movable in the rightward and leftward direction. 
[0149] Fig. 22 is a control system diagram of the vi- 
bration control system of the eleventh embodiment ac- 
cording to the present invention. In Fig. 22, acceleration 
signals of the one to three dimensional directions com- 
ing from the acceleration sensors 1 93 to 1 96 fitted to the 
upper surfaces of the experimental boxes 170 to 173 
are amplified at amplifiers 140a to 140d to be inputted 
into a control unit 141 . From these signals, the control 
unit 141 takes the acceleration signals caused by the 
regular rotation of the experimental devices as well as 
the acceleration signals caused by the extra vibration 
added on the experimental boxes 170 to 1 73. By these 
signals : the vibrations added on each of the experimen- 
tal boxes in the X, Y and 2 axes directions are detected 
to thereby select the counterweight 101 movable in the 
direction to cancel the corresponding vibration in each 
of the experimental boxes. Thus, the control is made 
such that one or more of motors 1 05a to 1 05dconnected 
to that counterweight 101 are driven to thereby move 
the counterweight 1 01 in the direction reverse to the am- 
plitude of the vibration so as to cancel the vibration. 
[0150] Figs. 23(a) and (b) show a microgravitational 
rotating apparatus vibration control system of a twelfth 
embodiment according to the present invention, where- 
in Fig. 23(a) is a plan view and Fig. 23(b) is a side view. 
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In Figs. 23(a) and (b), like the eleventh embodiment 
shown in Fig. 20, the rotary type experimental apparatus 
is constructed such that the rotating apparatus having 
motors is fitted with four supporting structures 111, 112, 
113, 114and the supporting structures 111 to 11 4 at their 5 
distal ends are fitted with experimental boxes 170, 171 , 
172,173. 

[0151] In the present twelfth embodiment, the con- 
struction having the four horizontally arranged support- 
ing structures 111 to 114 for supporting the respective 10 
boxes 1 70 to 1 73 is the same as that shown in Fig. 20 
and, in addition thereto, horizontally, but orthogonally to 
the supporting structures 111 to 114, arranged support- 
ing structures 115, 116, 117, 118 as well as vertically 
arranged supporting structures 180, 1 81 , 1 82, 183 are 15 
provided. That is, the horizontal supporting structure 1 1 1 
is fitted with the horizontal, but orthogonal thereto, sup- 
porting structure 115 and the vertical supporting struc- 
ture 1 80 such that both of the supporting structures 1 1 5 
and 180 are integrally fitted to a side surface of the box 20 
170. Likewise, the horizontal supporting structure 112 is 
fitted with the horizontal orthogonal supporting structure 
116 and the vertical supporting structure 181, the hori- 
zontal supporting structure 113 with the horizontal or- 
thogonal supporting structure 1 1 7 and the vertical sup- 25 
porting structure 182, and the horizontal supporting 
structure 114 with the horizontal orthogonal supporting 
structure 118 and the vertical supporting structure 183. 
Also, each of the supporting structures 111 to 114, 115 
to 118 and 180 to 183 has a counterweight 101 , pulleys 30 
102, 103 and a motor 105 arranged therein, as shown 
in Figs. 20 to 22. 

[0152] A control system of the abovementioned 
twelfth embodiment is basically the same as that shown 
in Fig. 22, although illustration is omitted. While the ex- 35 
ample of Fig. 22 illustrates only the motors 1 05a to 1 05d 
corresponding to the four supporting structures 111. to 

114 (supporting structures in the direction of X axis), in 
addition thereto, motors 105 of the supporting structures 

115 to 11 8 in the direction of Y axis and the supporting 40 
structures 180 to 183 in the direction of Z axis, that is, 
twelve motors in total, are controlled. For example, if vi- 
bration occurs in the direction of +X axis in the box 173, 

a control unit 141 controls a motor 105a of the support- 
ing structure 1 1 4 to be driven so that the counterweight 45 
101 may be instantly moved in the direction of -X axis 
to cancel the vibration. Also, like in the eleventh embod- 
iment shown in Fig. 20, the counterweight 101 of the 
supporting structure 1 12 on the opposite side of the sup- 
porting structure 1 1 4 is combined, orthe counterweights so 
101 of the supporting structures 111 , 113 as the case 
may be, are combined so that optimal movements of the 
counterweights may be effected and thereby the vibra- 
tion can be effectively controlled. 

[0153] Likewise, if the vibration is in the direction of Y 55 
axis, the motors 105 of the counterweights 101 of the 
supporting structu res 1 1 5 to 1 1 8 in the direction of Y axis 
are selected, or if the vibration is in the direction of Z 



axis : the motors 105 of the counterweights 101 of the 
supporting structures 1 1 9 to 122 in the direction of Z axis 
are selected, so that the counterweights 1 01 are moved 
in the direction reverse to the amplitude of the vibration 
and thereby the vibration can be controlled. 
[0154] Fig. 24 is a side view of a microgravitational 
rotating apparatus vibration control system of a thir- 
teenth embodiment according to the present invention. 
Fig. 24 shows representatively the example of the box 
1 73 and, as the other boxes 1 70 to 1 72 have the same 
vibration control system, illustration thereof is omitted. 
In the presentthirteenth embodiment, in place of the pul- 
leysftlJ02, 1 03 and the motor 1 05 of the eleventh embod- 
iment'/ "a cylinder 142 is employed so as to move the 
counterweight 101 and construction of other portions is 
the same, as that of the eleventh and the twelfth embod- 
iments-3hown in Figs. 20 to 22 and Fig. 23. 
[0155] In Fig. 24, thecylinder 142 is arranged in a sup- 
porting structure 114 in the direction of X axis and a 
counterweight 1 01 is connected to a cylinder rod 1 43 of 
the cylinder 142 so as to be axially movable. Although 
not shown , the same construction is arranged in a . sup- 
porting structure 118 in the direction of Y axis and in a 
supporting structure 1 83 in the direction of Z axis. Thus, 
vibration occurring in the X, Y and Z axes in each of the 
boxes 170 to 173 can be controlled by the cylinder 142 
that moves the counterweight 101 in the direction re- 
verse to the vibration. 

[0156] Figs. 25(a) and (b) show a microgravitational 
rotating apparatus vibration control system of a four- 
teenth embodiment according to the present invention, 
wherein Fig. 25(a) is a side view and Fig. 25(b) is a cross 
sectional view taken on line U-U of Fig. 25(a). Figs. 25 
(a) and (b) shows representatively the example of the 
box 173 and, as the other boxes 170 to 172 have the 
same vibration control system, illustration thereof is 
omitted. In the present fourteenth embodiment, instead 
of moving the counterweights by motors or actuators, 
the construction is made such that the counterweights 
are moved by gas pressure. Construction of other por- 
tions is the same as that of the eleventh and the twelfth 
embodiments. 

[0157] In Figs. 25(a) and (b), a counterweight 144 is 
of a columnar shape having a circular cross section and 
is movable along a supporting structure 114. A sealing 
member 145 made of an elastic material is arranged 
around the counterweight 1 44 so that the counterweight 
144 makes contact with an inner wall surface of the sup- 
porting structure 114 via the sealing member 145 and 
thereby the counterweight 144 is smoothly movable in 
the supporting structure 114. Movement of the counter- 
weight 144 is effected by gas being supplied into and 
drawn out of spaces in front and back of the counter- 
weight 144 in the supporting structure 114, as will be 
described below. 

[0158] Fig. 26 is a gas control system diagram with 
respectto the present fourteenth embodiment, in which, 
for the purpose of easiness of description, only the dia- 
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gram of the supporting structures 111 to 114 in the di- 
rection of X axis is shown. While the illustration of the 
diagrams of the supporting structures 115 to 118 in the 
direction of Y axis and the supporting structures 1 80 to 
183 in the direction of Z axis, as in the twelfth embodi- 
ment shown in Fig. 23, is omitted, the control is basically 
the same. In Fig. 26, signals detected at acceleration 
sensors 193 to 196 are amplified at amplifiers 140a to 
140d to be inputted into a control unit 151 . Vibration of 
each of the boxes in the directions of X, Y and Z axes 
is detected at the control unit 151 and control is done 
such that the counterweight 144 of the corresponding 
supporting structure is moved in the direction reverse to 
the amplitude of the vibration. 

[0159] A gas line coming from a gas supply/recovery 
device 154 is connected to spaces in front and back of 
the counterweight 144 in each of the supporting struc- 
tures via opening/closing valves 152, 153. When the 
counterweight 144 is to be moved frontward, or right- 
ward in Fig. 26, the opening/closing valves 1 52, 153 are 
opened so that gas is supplied through the valve 153 
and is drawn through the valve 152 and thereby the 
counterweight 144 is moved frontward. Amount of the 
movement is controllable by the gas supply pressure 
and amount. When the counterweight 144 is to be 
moved backward, or leftward in Fig. 26, the opening/ 
closing valves 152. 153 are opened so that gas is sup- 
plied through the valve 152 and is drawn through the 
valve 1 53 

[0160] In the present fourteenth embodiment, the vi- 
bration occurring in the directions of X, Y and Z axes in 
each of the supporting structures 1 70 to 1 73 is detected 
and the counterweight 144 of the supporting structure 
in which the vibration occurred is moved in the direction 
reverse to the vibration by supplying and drawing the 
gas, as mentioned above. Thereby, the vibration can be 
controlled. 

[0161] It is to be noted that, in the present fourteenth 
embodiment, the gas supply is constructed by a piping 
and so, while illustration is omitted, the gas supply/re- 
covery device 154 needs to be mounted on the rotating 
portion. But if, for example, a stand is fitted on the four 
supporting structures 111 to 114, mounting of the gas 
supply/recovery device 154 can be easily realized. 
[0162] Fig. 27 is a side view of a microgravitational 
rotating apparatus vibration control system of a fifteenth 
embodiment according lo the present invention. While 
Fig. 27 shows representatively the portion of the box 
173, construction of the other boxes 170 to 172 is the 
same and illustration thereof is omitted. In the present 
fifteenth embodiment, the counterweight is constructed 
to be moved by a linear motor system and construction 
of other portions is the same as those of the eleventh 
and the twelfth embodiments. 

[0163] In Fig. 27, a linear motor coil 148 is applied to 
an inner wall surface of the supporting structure 114 in 
the direction of X axis. A counterweight 146 is made of 
a magnetic material and when the linear motor coil 1 48 



40 n 

is excited, the counterweight 146 is moved frontward 
and backward in the supporting structure 114. Likewise, 
with respect to the supporting structure 118 in the direc- 
tion of Y axis and the supporting structure 183 in the 

5 direction of Z axis also, counterweights 1 46 of the linear 
motor system of the same construction are provided. 
[0164] Figs. 28(a) and (b) show an interior of the sup- 
porting structure 114 of the abovementioned fifteenth 
embodiment, wherein Fig. 28(a) is a longitudinal cross 

10 sectional view and Fig. 28(b) is a cross sectional view 
taken on line V-V of Fig. 28(a). In Figs. 28(a) and (b), 
the linear motor coil 148 is arranged on the inner wall 
surface of the supporting structure 114 and the counter- 
weight 146 of a columnar shape is provided therein. An 

is insulating material 147 is applied to an outer circumfer- 
ential surface of the counterweight 146 and the coun- 
terweight 146 together "with the insulating material 147 
is inserted into the supporting structure 114 so as to be 
movable frontward and backward, or rightward and left- 

20 ward in Fig. 28(a), in the supporting structure 114. 

[01 65] When the counterweight 1 46 is to be moved in 
the same procedures as mentioned with respect to Fig. 
22, while illustration is omitted, signals from acceleration 
sensors 1 93 to 1 96 are taken into a control unit so as to 

25 detect the vibration of each of the boxes 170 to 173. 
Thereby, the supporting structures 111 to 114, 115 to 118 
and 1 80 to 1 83 in the directions of X, Y and Z axes are 
selected corresponding to the vibrations in the direc- 
tions of X, Y and Z axes and the linear motor coil 148 of 

30 the supporting structure so selected is excited. Accord- 
ing to the exciting direction of the exciting coil, the coun- 
terweight 146, made of a magnetic material, is control- 
led to be moved in the direction reverse to the amplitude 
of the vibration and thus the vibration can be controlled. 

35 

INDUSTRIAL APPLICABILITY 

[0166] Accordingto the invention ofthe means (1), the . 
objects placed in the boxes are : for example, plants or 

40 animals and vibration-causing imbalances in the weight 
as well as in the acceleration during the rotation arise 
between each of the boxes. At both ends of the rotary 
shaft, the bearings are arranged and the bearings are 
constructed, for example, by the magnetic bearings, the 

45 elastic material -supported or spring-supported bear- 
ings, etc. that are able to absorb the vibration caused in 
the rotary shaft. Thus, the vibration of the rotator can be 
suppressed to the minimum. 

[0167] According to the invention of the means (2), as 
50 the objects remain placed in the boxes without need to 
be taken outside even in the experiments, the objects 
are simply caused to collide with the side plates and the 
mass can be easily measured in the microgravitational 
environment. 

55 [0168] According to the invention ofthe means (3), the 
computing unit is inputted with the signals from the pres- 
sure sensor, the displacement sensor and the acceler- 
ation sensor and measures the mass of the object by 




BNSDOCID: <EP 1249395A1_l_> 



I 



41 



EP 1 249 395 A1 



42 



computation, like in the invention of the means (2). Thus, 
by using the more sensors, the mass can be measured 
in a higher accuracy. 

[01 69] According to the invention of the means (4) ; the 
results of the computation by the computing unit are dis- 
played on the display unit. Hence, the mass of the object 
can be easily confirmed, whenever necessary, without 
handling the object and the function of the system of the 
means (2) can be largely enhanced. 
[0170] According to the invention of the means (5), 
only by causing the object to collide with the side plate, 
the computing unit can easily compute the mass of the 
object based on the detected signals. Thus, the masses 
of various apparatus and devices or the experimental 
objects can be obtained. 

[0171] According to the invention of the means (6), in 
place of the push-out device of the means (5), the stand 
having the handrail is provided and the weight of a man 
working in the space can be easily obtained under the 
microgravitational environment. The man as the object 
to be measured grips the handrail and, by the reaction 
thereof , jumps into the space in the box toward the side 
plate until the man collides with the side plate. Thereby, 
by the same function as the measurement of the mass 
of the object in the means (5), the computing unit can 
compute the weight of the man based on the signals of 
the first and second position sensors, the displacement 
signals of the spring members and the signals of the ac- 
celeration sensor. 

[0172] According to the invention of the means (7), the 
mass of the object or the weight of the man computed 
at the computing unit is displayed on the display unit. 
Thus , the function of the invention of the means (5) and 
(6) can be further enhanced. . 

[01 73] According to the inventions of the means (8) to 
(11) and (16), the counterweight movable vertically or 
the counterweight movable horizontally is provided. 
When vibration occurs due to differences in the weight 
of the object and in the acceleration during the rotation, 
the control unit detects the vibration by the signals from 
the acceleration sensors and controls the drive means 
to adjust the position of the counterweight so as to solve 
the imbalance amounts in the rotation. By this adjust- 
ment, the imbalance amounts caused in the rotating ap- 
paratus during the rotation are solved and also the vi- 
bration caused by the imbalances is controlled. Also : ac- 
cording to the invention of the means (13), the counter- 
weight movable vertically and the counterweight mova- 
ble horizontally are combined so as to adjust the move- 
ment of the counterweight more precisely, and thereby 
a more effective vibration control becomes possible. 
[0174] According to the invention of the means (12), 
the movement of the counterweight is controlled not only 
during the rotation but also in the stationary state and 
the weight imbalance amounts of the entire system of 
the arm and box can be solved. 

[0175] According to the inventions of the means (14) 
and (15), the drive means of the counterweight can be 



realized by the simple mechanism using the rotatable 
threaded bar or the combination of the cable and pulleys 
and the construction of the apparatus can be simplified. 
[0176] According to the inventions of the means (1 7) 
5 to (22), in the relation between the displacement of the 
rotary shaft and the power given to the motor, the control 
unit can measure the imbalances in the weight of the 
boxes and the weight of the entire rotator before the start 
of the rotation and, based on the results of the meas- 
10 urement, can control the position of the counterweight 
so as to correct the imbalance amounts. 
[0177] Also, according to the inventions of the means 
(23) to (25),:the link member or the elastic or plastic 
member or the combination of these members is inter- 
ns posed in the supporting portion between the arm and 
the box and the vibration can be effectively absorbed. 
Further, according to the inventions of the means (26) 
to (28), the bearings of the rotary shaft can be employed 
from any of the elastic or plastic type, electromagnetic 
20 type, pneumatic type, spring type, damper type, motor 
type and fluid type and thereby the vibration can be ef- 
fectively absorbed. 

[0178] According to the invention of the means (29), 
the entire rotator is supported to the casing via the 

25 springs of which elastic force is adjustable. The control 
unit, detecting the imbalances in the acceleration by the 
signals from the acceleration sensor, controls to appro- 
priately adjust the elastic force of the corresponding 
spring and the vibration can be effectively absorbed by 

30 the spring of the place where the vibration occurred. 
[0179] According to the invention of the means (30), 
the imbalances in the acceleration occurring in the box 
are detected by the acceleration sensors and the signals 
thereof are inputted into the control unit. The control unit 

35 controls the vibration generator of that box so as to solve 
the imbalances and the vibration caused by the imbal- 
ances can be absorbed. 

[0180] According to the invention of the means (31), 
the entire casing is supported to the outside stationary 

40 part via the vibration isolating devices. Hence, the vibra- 
tion that is not completely controlled by the vibration 
control system provided in the casing and spreads out- 
side of the casing can be absorbed by the elasticity of 
the vibration isolating devices provided on the outer pe- 

« riphery of the casing and transmission of the vibration 
outside can be prevented. 

[0181] According to the invention of the means (32), 
the boxes are contained in the containing portions of the 
rotator having no structure of the arms. The rotator to- 

50 gether with the plurality of boxes are rotated by the ro- 
tary shaft, wherein the vibration control systems as men- 
tioned in the inventions of the means (8), (10), (30) and 
(31 ) are applied to the invention of the means (32). Thus, 
an effective vibration control can be effected. 

55 [0182] According to the invention of the means (33), 
the vibration isolating devices effect an active vibration 
control of the vibration of the casing so as to effectively 
absorb the vibration without transmission of the vibra- 
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tion to the outside. Also, the vibration isolating device 
comprises the passive spring in the invention of the 
means (34), the passive spring and the damper in the 
invention of the means (35) and the passive spring and 
the damping characteristic material in the invention of 5 
the means (36) and thereby small vibration of the casing 
is absorbed by the simple mechanism. Thus, the vibra- 
tion control mechanism can be "simplified. 
[0183] According to the invention of the means (37), 
the vibration isolating devices are fitted inclinedly to the 10 
axis of the rotary shaft and thereby the vibrations caused 
in the three dimensional arbitrary directions can be ab- 
sorbed as a whole. Also, the vibration isolating devices 
are fitted along the direction same as or orthogonal to 
the axial direction of the rotary shaft in the invention of is 
the means (38) or along the direction inclined to, same 
as or orthogonal to the axial direction of the rotary shaft 
in the invention of the means (39). Thus, the means of 
the invention can be appropriately selected out of those 
(37), (38) and (39) according to the vibration patterns 20 
caused by the specification of the rotating apparatus or. 
the state of the experiments. 

[0184] According to the invention of the means (40), 
the control unit takes the signals from the acceleration 
sensor fitted to each of the boxes to thereby detect one 25 
to three dimension directional vibration components of 
the box causing the vibration and moves the counter- 
weight in the direction to cancel the vibration, that is, 
drives the drive means of the counterweight of the sup- 
porting structure on the opposite side to thereby move 30 
the counterweight in the direction to effect the vibration 
control. Thus, the vibration can be effectively controlled. 
[0185] According to the invention of the means (41), 
at the connection portion between the horizontal sup- 
porting structure and the box of the invention of the 35 
means (40), the orthogonal horizontal supporting struc- 
ture and the vertical supporting structure are provided. 
Hence, for each of the boxes, there are provided the 
counterweights movable in the one to three dimensional 
directions of X, Y and Z axes and thereby the vibration 40 
caused in each of the boxes can be controlled by moving 
the counterweights in the direction reverse to the vibra- 
tion in the X, Y and Z axes. When vibration occurs in 
any of the boxes, the X, Y and Z axes directional com- 
ponents of the vibration are detected by the control unit. 
The control unit selects the counterweights of the sup- 
porting structures of the X, Y and Z axes directions pro- 
vided on the opposite side in the axial symmetry of the 
box causing the vibration and controls to move the coun- 
terweights in the direction reverse to the vibration, so 
Thereby, the vibration can be controlled. Thus, by the 
invention of the means (41), the vibration can be con- 
trolled more finely than in the invention of the means 
(40). 

[0186] The drive means of the counterweight is the 55 
cylinder in the invention of the means (42), the gas pres- 
sure in the invention of the means (43) and the linear 
motor in the invention of the means (44). Thus, the ap- 



plication range of the present invention is enlarged and 
the drive means appropriate for the respective charac- 
teristics of the apparatus can be selected. 



Claims 

1. A microgravitational rotating apparatus vibration 
control system, said microgravitational rotating ap- 
paratus comprising a casing, a rotary shaft, provid- 
ed within said casing, having its both ends support- 
ed by bearings so as to be rotationally driven by a 
motor, a plurality of arms, extending radially, having 
their one ends fitted to a circumferential periphery 
of said rotary shaft and a rotator having a plurality 
of boxes, fitted to the other ends of said plurality of 
arms, in which a gravitational, or gravity-adding, ob- 
ject is placed, characterized in that vibration oc- 
curring in said rotator is controlled by said bearings. 

2. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 1 , character- 
ized in that said vibration control system enables 
to measure a mass of said object by comprising in 
each of said plurality of boxes a plurality of side 
plates fitted substantially in parallel to side wall in- 
ner surfaces of said box via spring members, an ac- 
celeration sensor fitted to each of said plurality of 
side plates, a distance sensor fitted to an inner sur- 
face of said box, corresponding to and close to said 
side plate, for measuring a distance to said object 
and a computing unit that is inputted with signals of 
said acceleration sensor when said object collides 
with said side plate, displacement signals of said 
spring members at the time of the collision and sig- 
nals of said distance sensor on an initial position of 
said object before the collision and a position of said 
object at the time of the collision and computes the 
mass of said object based on these signals. 

3. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 1 , character- 
ized in that said vibration control system enables 
to measure a mass of said object by comprising in 
each of said plurality of boxes a plurality of side 
plates, each having a pressure sensor, a displace- 
ment sensor and an acceleration sensor, or a sen- 
sor unit combining these sensors, fitted substantial- 
ly in parallel to side wall inner surfaces of said box 
and a computing unit that is inputted with signals of 
said respective sensors or said sensor unit on a 
load of said object added on said side plate and 
computes the mass of said object based on these 
signals. 

4. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 2 or 3, charac- 
terized in that said mass measuring system further 



23 



BNSDCCID: <EP 1249395A1_I_> 



45 



EP 1 249 395 A1 



46 



5. 



comprises a display unit that displays results of 
computation by said computing unit. 

A microgravitational rotating apparatus vibration 
control system as claimed in Claim 1 character- 5 
ized in that one or more of said plurality of boxes 
are cabins, laboratories, containers, space facto- 
ries: etc. and said vibration control system enables 
to measure a mass of said object by comprising in 
each of said, boxes a side plate fitted to one side 10 
wall inner surface of said box via a spring member 
having a displacement sensor, an acceleration sen- 
sor fitted to said side plate, a first position sensor 
detecting said object arriving at a position of said 
side piate : a second position sensor arranged at a 15 
predetermined distance from said first position sen- 
sor and detecting passing of said object, a push-out 
device provided on the opposite side of said side 
plate in said box and pushing out said object toward 
said side plate and a computing unit that takes sig- 
nals of the arrival and passing of said object detect- 
ed by said first and second position sensors, signals 
of said acceleration sensor when said object col- 
lides with said side plate and signals of said dis- 
placement sensor of said spring member at the time 2s 
of the collision and computes the mass of said ob- 
ject basea on these signals. 

A microgravitational rotating apparatus vibration 
control system as claimed in Claim 1 , character- 30 
ized in that one or more of said plurality of boxes 
are cabins, laboratories, containers, space facto- 
ries: etc and said vibration control system enables 
to measure a weight of a human body as said object 
by comprising in each of said boxes a side plate fit- 35 
ted to one side wall inner surface of said box via a 
spring member having a displacement sensor, an 
acceleration sensor fitted to said side plate, a first 
position sensor detecting said human body arriving 
at a position of said side plate, a second position 40 
sensor arranged at a predetermined distance from 
said first position sensor and detecting passing of 
said human body, a stand having a handrail, provid- 
ed on the opposite side of said side plate in said 
box : by which said human body jumps toward said 45 
side plate and a computing unit that takes signals 
of the arrival and passing of said human body de- 
tected by said first and second position sensors, 
signals of said acceleration sensor when said hu- 
man body collides with said side plate and signals so 
of said displacement sensor of said spring member 
at the time of the collision and computes the weight 
of said human body based on these signals. 

A microgravitational rotating apparatus vibration 55 
control system as claimed in Claim 5 or 6, charac- 
terized in that said mass measuring system further 
comprises a display unit that displays results of 



8. 



20 9. 



computation by said computing unit. 

A microgravitational rotating apparatus vibration 
control system as claimed in Claim 1, character- 
ized in that said vibration control system comprises 
a plurality of acceleration sensors fitted to predeter- 
mined measuring points of said rotator, a counter- 
weight arranged on each of said plurality of boxes 
to be movable in the direction along an axis of said 
rotary shaft, a drive means of said counterweight 
and a control unit thattakes signals detected by said 
plurality of acceleration sensors to thereby detect 
imbalanceasamounts in the acceleration caused dur- 
ing rotation between each of said plurality of boxes 
and controls to drive said drive means so as to ad- 
just a moving position of said counterweight to 
thereby solve/said imbalance amounts to control vi- 
bration. 

A microgravitational rotating apparatus vibration 
control system as claimed in Claim 8, character- 
ized in that said vibration control system further 
comprises a counterweight and a drive means 
thereof, both provided around each of said plurality 
of arms, said counterweight being electrically driven 
to be movable in parallel with said arm at a distance 
from said rotary shaft. 



10. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 9, character- 
ized in that said plurality of acceleration sensors 
are fitted to said plurality of arms and boxes and 
said counterweight movable in parallel with said 
arm is arranged in one piece or in plural pieces with 
respect to each of said plurality of arms. 

11. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 
10, characterized in that said control unit, in con- 
trolling vibration by detecting the imbalance 
amounts, enables an active vibration control by 
slightly moving said counterweight in such a direc- 
tion that vibration of said box may not occur in a 
predetermined frequency. 

12. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 11 , character- 
ized in that said control unit has a control function 
not only to move said counterweight so as to enable 
the active vibration control but in a stationary state 
also to be able to electrically move said counter- 
weight so as to solve the imbalance amounts of an 
entire system of said arm and box. 

13. A microgravitational rotating apparatus vibration 
control system, characterized in that said vibration 
control system has a necessary function of solving 
the rotation imbalance amounts and controlling the 
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vibration by combining the constructions mentioned 
in Claims 8 to 12. 

14. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to s 
13, characterized in that said drive means drives 
said counterweight by a threaded bar that engages 
with said counterweight via a thread engagement. 

15. A microgravitational rotating apparatus vibration 10 
control system as claimed in any one of Claims 8 to 

13, characterized in that said drive means drives 
saidcounterweight by means of a cable and a pul- 
ley. - 

15 

16. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 

15, characterized in that said control unit, in con- 
trolling said counterweight by a control means, de- 
tects vibration of each of said plurality of boxes from 20 
detected signals taken from said acceleration sen- 
sor, compares the vibration with a predetermined 
demand value and controls the vibration so as to 
suppress the vibration below said demand value. 

25 

17. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 

16, characterized in that said control unit, in order 
to measure weight imbalance amounts between 
each of the plurality of boxes before start of rotation, 30 
rotates said rotator by a predetermined amount and 
thereby, in the relation between a displacement of 
said rotary shaft in an axial direction of said rotary 
shaft or in an arbitrary direction orthogonal to said 
rotary shaft and a power given to said motor, en a- 35 
bles to measure said imbalance amounts. 



shaft or in an arbitrary direction orthogonal to said 
rotary shaft and a power given to said motor, ena- 
bles to measure the weight of an entire system of 
said rotator in the microgravitational environment in 
the space. 

20. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 17 
to 1 9, characterized in that said control unit, based 
on the result of the measurement, electrically 
moves an arbitrary number of said counterweights 
before start of rotation and thereby enables to cor- 
rect the weight imbalance amounts of an entire sys- 
tem of said rotator before regular rotation. 

21. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 20, character- 
ized in that the correction of the weight imbalance 
amounts is effected in plural times so as to enable 
to enhance a correction accuracy of said imbalance 
amounts. 

22. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 17 
to 21 , characterized in that the measurement or 
the correction of said imbalance amounts is effected 
with a calibration function. 

23. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 
22, characterized in that a link member, enabling 
any movement of 1 to 3 freedoms, is interposed be- 
tween said box and said arm so as to enable a vi- 
bration control in such a direction also that said 
counterweight, effecting an active vibration control, 
is movable. 



18. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 

16, characterized in that said control unit, in order 40 
to measure an entire weight of said rotator including 
said plurality of boxes before start of rotation, ro- 
tates said rotator by a predetermined amount and 
thereby, in the relation between any of a displace- 
ment, an acceleration and both of the displacement 45 
and acceleration and a power given to said motor, 
enables to measure the weight of an entire system 
of said rotator in the microgravitational environment 
in the space. 

so 

19. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 
16, characterized in that said control unit, in order- 
to measure an entire weight of said rotator including 
said plurality of boxes before start of rotation, gives 55 
a power to said motor by a predetermined amount 
and thereby, in the relation between a displacement 

of said rotary shaft in an axial direction of said rotary 



24. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 
22, characterized in that an elastic or plastic mem- 
ber, enabling any movement of 1 to 3 freedoms, is 
interposed between said box and said arm so as to 
enable a vibration control in such a direction also 
that said counterweight, effecting an active vibra- 
tion control, is movable. 

25. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 
22, characterized in that the link member of Claim 
23 and the elastic or plastic member of Claim 24 are 
combined for supporting the portion between said 
box and said arm to thereby enable a vibration con- 
trol by said counterweight. 

26. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8 to 
25, characterized in that said bearings are any of 
elastically supported bearings, plastically support- 
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ed bearings, magnetic bearings, air cushion type 
bearings, spring or damper type bearings, motor 
type bearings and fluid type bearings. 

27. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 26, character- 
ized in that said bearings are magnetic bearings 
that change magnetic force so as to enable an ac- 
tive vibration control of a rotator. 

28. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 26, character- 
ized in that said damper type bearings are of any 
of hydraulic type, fluid type, motor type and pneu- 
matic type that actively change damping force so 
as to enable a vibration control. 

29. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 8 or 9, charac- 
terized in that said rotator, comprising said rotary 
shaft and plurality of arms and boxes, is supported 
rotatably to said casing via a plurality of springs of 
wnich elastic force is adjustable and said control 

unit enables a vibration control of said rotator by ad- 
justing the elastic force of said plurality of springs 
based on signals from said acceleration sensor. 

30. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 1, character- 
ized in that said vibration control system comprises 
a plurality of acceleration sensors fitted to desired 
measuring points of said rotator, a vibration gener- 
ator fitted to a desired position of each of said plu- 
rality of boxes and a control unit that takes signals 
detected by said plurality of acceleration sensors to 
detect imbalance amounts in the acceleration 
caused between each of said plurality of boxes dur- 
ing rotation and controis said vibration generator so 
as to enable a vibration control by solving said im- 
balance amounts. 



31. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8, 
10 and 30, characterized in that said casing at its 
outer periphery is supported to an outside station- 
ary side via a plurality of vibration isolating devices 
that have an elastic force. 

32. A microgravitational rotating apparatus vibration 
control system as claimed in any one of Claims 8, 
10, 30 and 31 , characterized in that said plurality 
of boxes, instead of being supported to said plurality 
of arms, are contained in a rotator, that rotates to- 
gether with said rotary shaft around an axis of said 
rotary shaft, to be driven rotatably. 

33. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 31 , character- 
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ized in that each of said plurality of vibration isolat- 
ing devices receives vibration transmitted to said 
casing and effects an active vibration control by 
changing its elastic coefficient or damping factor or 
both of the elastic coefficient and the damping fac- 
tor. 

34. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 31 , character- 
ized in that each of said plurality of vibration isolat- 
ing devices comprises only a passive spring as a 
means of the vibration control. 

35. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 31 , character- 
ized in that each of said plurality of vibration isolat- 
ing devices comprises a passive spring and a 
damper as a means of the vibration control. 

20 36. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 31 , character- 
ized in that each of said plurality of vibration isolat- 
ing devices is constructed of a passive spring and 
a material having a damping characteristic 

25 

37. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 31 , character- 
ized in that said plurality of vibration isolating de- 
vices are fitted between the outer periphery of said 
30 casing and said stationary side such that acting di- 
rections of the elastic forces of all of said plurality 
of vibration isolating devices are inclined to an axial 
direction of said rotary shaft. 

35 38. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 31 , character- 
ized in that said plurality of vibration isolating de- 
vices are fitted between the outer periphery of said 
casing and said stationary side such that acting di- 
4 <> rections of the elastic forces of all of said plurality 
of vibration isolating devices are either same as or 
orthogonal to an axial direction of said rotary shaft. 

39. A microgravitational rotating apparatus vibration 
45 control system as claimed in Claim 31 , character- 
ized in that said plurality of vibration isolating de- 
vices are fitted between the outer periphery of said 
casing and said stationary side such that acting di- 
rections of the elastic forces of said plurality of vi- 
so bration isolating devices area combination of those 
inclined to, same as and orthogonal to an axial di- 
rection of said rotary shaft. 
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40. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 1 , character- 
ized in that said plurality of arms are aplurality of 
hollow shaped supporting structures and said vibra- 
tion control system comprises an acceleration sen- 



26 



BNSDOCID: <EP 



1249395A1 I > 



51 



EP 1 249 395 A1 



52 



sor, detecting accelerations in the 1 to 3 dimension- 
al directions, fitted to each of said plurality of boxes , 
a counterweight arranged to be movable along a 
longitudinal direction in each of said plurality of sup- 
porting structures, a drive means, driving said coun- 
terweight, arranged in each of said plurality of sup- 
porting structures and a control unit that takes sig- 
nals detected by said acceleration sensor to detect 
vibration of each of said plurality of boxes, selects 
said counterweight of the supporting structure cor- 
responding to said box causing the vibration and 
controls said drive means corresponding to said 
counterweight so as to move said counterweight in 
the direction reverse to the vibration to thereby re- 
duce the vibration. 
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41. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 40, character- 
ized in that, where a horizontal direction is defined 
as a direction along a rotating plane of said plurality 20 
of supporting structures, an orthogonal direction is 
defined as a direction tangential to a rotating circle 
of said plurality of supporting structures and a ver- 
tical direction is defined as a direction vertical to the 
rotating plane of said plurality of supporting struc- 25 
tures, an orthogonal horizontal supporting struc- 
ture, extending in the orthogonal and horizontal di- 
rection, and a vertical supporting structure, extend- 
ing in the vertical direction, are provided both be- 
tween each of said plurality of supporting structures 30 
and each;of said plurality of boxes and a counter- 
weight is arranged to be movable along a longitudi- 
nal direction in each of said orthogonal horizontal 
supporting structure and said vertical supporting 
structure. 35 



42. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 40 or 41 ^char- 
acterized in that said drive means comprises a lin- 
early driving type cylinder. 
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43. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 40 or 41 , char- 
acterized in that said drive means comprises a 
means to move said counterweight frontward and 
backward by a gas pressure. 
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44. A microgravitational rotating apparatus vibration 
control system as claimed in Claim 40 or 41 , char- 
acterized in that said drive means comprises a lin- 
ear motor coil applied to an inner wall surface of said 
respective supporting structures so that said coun- 
terweight, made of a magnetic material, may be 
moved. 
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Fig. 5(a) 
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Fig. 6 (a) 




Fig. 6(b) 
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Fig. 8(a) 
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Fig. 9(a) 
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Fig. 10(a) Fig. 10(b) 
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Fig. 12(a) 



Fig. 12(b) 
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Fig/ 13(a) 




40 

BNSDOCID: <EP 1249395A1 I > 



EP 1 249 395 A1 



K 

r 



Fig. 14(a) 




Fig. 14(b) 





> 



23 



UUMMW. 



rr 



30 - 




7 




» 7 



n 





Fig. 14(d) 



Fig. 14(c) 



CD 

m 

CO 



> 

1 

CD 

m 

o 
o 

3 



41 



BNSDOCID: <EP 



1249395A1J_> 



EP 1 249 395 A1 

Fig. 15(a) 



69a 




42 

BNSDOCID: <EP J249395A1 I > 



EP 1 249 395 A1 




\ — g: — *: — — 



■ > T " v 





CO, 




CM I 


LO 
















I 



v V* 

3 




00 



^^^^^^ 




43 



EP 1 249 395 A1 
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Fig. 18 (a) 




45 



EP 1 249 395 A1 



Fig. 19(a) 
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Fig. 20(a) 
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Fig. 23(a) 
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